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Boards of Admiralty and Longitude. 


MY LORD, . 

WHIL E the public voice is unanimous in applaud- 
ing your humanity toward the Artificers, in general, of 
His Majeſty's Dock Yards, and your attention to reſtore 

the Royal Navy of Britain to the reſpectable ſtate from 
which it had been ſuffered to decline fince the laſt 
War, Philoſophers not only admire theſe noble acts, 

but likewiſe, your generous encouragement to improve 


Geographical, Nautical, and Natural Knowledge. 


2 = A 3 Such 


BESDICATION 
Such exertions; of your Lordſhip's extraordinary ; 
Mental and Official Abilities, will undoubtedly be tranſ- 
mitted with honour to the lateſt poſterity : and your 
laudable example muſt inſpire a regard for Works in- 

| tended to promote, public utility, 


The Author of The Elements of Navigation, not- 
withſtanding the favourable reception which the former 
impreſſions have met with from Britiſh Mariners, thinks 


| himſelf extremely happy that this improved Edition is 
m_— to appear under ye Lordſhip's Patronage. 


That you may long enjoy the Opportunity as well as 
Inclination of promoting uſeful Arts and Learning, is a 
hope ſincerely entertained by, | 


My Lox, 
Your LoRDsSHIP's | 


moſt obedient 


| and humble Servant, 


11247 | 
Der. 


John Robertſon, 


TO THE | 
RIGHT WORSHIPFUL . 
Sir ROBERT LADBROKE, Kant. Alderman, 
PRESIDENT; 115 + 
EN | | * 
THE 1 | 


wegen THOMAS BURFOOT, Bla 
2 R E AS UR E RI = 


And the Reſt of the 


| WORSHIPFUL GOVERNORS 


1 2 "a. 
Chris Hoſpital, London : 


This Book, containin g the Elements of Navigation, 
and a Treatiſe on Marine Fortification, firſt pub- 
| liſhed for the Uſe of the Children in the Royal Ma- 
thematical School, when. they were under my Care, 


is, as a grateful acknowledgement Tor paſt favours, 
| addreſſed by | 


— — rr 1 — 


| Your WORSHIPS' moſt humble Servant, 


Nor, I, 1772: John Robertſon. 


ADVERTISEMENT. 


IN this Edition, the Editor has carefully corre&ed the errors 
which had crept into the former, and computed new Tables of 
the Sun's Declination, Book V. Art. 308, 309, and 310. He 
has alſo reviſed, as far as his materials extended, the Geogra- 
phical Table, and added the names of ſuch places as his own 
obſervations, or thoſe of other perſons, have furaiſhed him 
with; ſo that he flatters himſelf it is the moſt extenſive and 
correct of any extant. On the whole, he preſumes, this Editioh 
will be found as worthy of the approbation of the public in 
general, and of ſeamen in particular, as thoſe which were 


printed under the Author's inſpection. 
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Vor. II. p. 355, log. of 1509, fer, 17860 read, 17869. 

7. 356, log. of 1653, for, 21807 read, 21827. 
p. 359, log. of 3403, fir, 53180 read, 53186, 
5. 371, at 3* 30“, read, in the ſine, 8,78568. 
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I having been part of my employment for many. years pat, to inflru#? 
youth in the theoretical and practical parts of Navigation, { was naturally 
led to draw up rules and examples fitted to the years and capacity of the 
ſcholar : ſome of the precepts, from time to time were altered, according as [ 
bad obſerved how they were comprehended by the majority of my pupils : until 
at length I had put together a ſet of materials, which T1 found ſufficient for 
teaching this Art. „ | | 


* 


- Upon my being intruſted by the governors of Chriſt's Hospital ( in the be- 


ginuing of the year 1748).with. the care of the Royal Mathematical School 
there, founded by King Charles the Second, 1. had a great opportunity of 
experiencing the methad I had before uſed; and finding it fully anſibered my 
expeftation, I determined to print it for the uſe of that ſchool : but as thoſe 
children are to be inſtructed in the mathematical ſciences, on which the art of 
Navigation is founded, I judged it proper, on their account, to introduce the 
ſubjects of Arithmetic, Geometry, Trigonometry,” Sc. for which regſon, this 
treatiſe is diſtinguiſhad by the title of Elements. of Na igation. 

After my appointment (in the year 1755) 10 be head maſter of the Rapal 
Marine Academy at Portſmouth, founded by King George the Second, I aljſa 
found that this book was ſufficiently: intelligible to beginners of midiling ca- 
pacities; and therefore, in the ſecond edition, in the year 1704, the manner 
in which it was firſt compoſed was continued, except the removing of the book 
of Aſtronomy, from being the 8th, into the. place of the 5th; whereby the 


books of Plane Sailing, Globular Sailing, and Days Works, which together | 


nearly comprehend the art of Navigation, follow in ſucceſſion. There were 
indeed ſome variations in the modes of expreſſion in à few places; but the 
additions in every book were made rather to extend the notions of learners, 
than to ſupply any deficiency wanting in the furmer edition, except ſome 7 
the additions in the qth book, which were not ſo well known at the time of the 
Firſt impreſſion. oe wr i Or ns a 
The work is divided into ten parts or. books, each being a diſtinct treatiſe; 
the preceding ones contain the neceſſary elements which are wanted in thoſe 
that follow: The demonſtration of the Faraday propoſitions are given as con- 
ciſely as I could contrive, to carry with them a ſufficient degree of evidence : 
Throughout the whole of the elementary parts, brevity and 3 ꝛwere 
conſidered; but the practical parts are more fully treated on, and intended to 
include every uſeful particular, worthy of the mariner's notice. | 


In the elementary parts, where it is not eaſy.to introduce net matter, there 
will be found the common principles treated in a manner, which, it is appre- 

bended, is better adapted to beginners; and ſuch new lights thrown on Je 
veral particulars, as will render them more obvious than in the view wherein 


they have been commonly ſeen. 
The treatiſe of Fortification annexed, is the reſult of many years applica- 
tion; and is delivered in a very different mode from what other writers 
* have 
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have taken; for, among the multitude tubich I have ſeen, they generally 

begin with the fornfying of a town, the moſt difficult part of the art, and 

end with works the moſt eaſy to contrive and execute: Herein: the works 

of the ſimpleſt conſtruction art begun with, and the learner gradually ad- 

vanced to the fortifying of a tun: Indeed the limits choſen for this traci 

| have cauſed ſome articles to be briefly mentioned, and others to be totally 

3: emitted; nevertheleſs, it is conceived that, in its preſent ſlate, it may be 
of conſiderable uſe ts Marine Officers, and even furniſh ſome hints not altogether 

rnworthy the notice of the Gentlemen of the Army. EQS. 

- The Maritime parts of theſe Elements, contained in the vil, viiith, aud 

ib books, are alſo delivered in a manner ſomewhat different from what is 

feen in other writers; who, for the meſt part, copying from one another; 

baue not much contributed toward perfefiing the art of Navigation; the 

writers indeed have been many, but the improvers have been very | few 
Wright, Norwood, and Halley having done the moſt of what has been diſ- 

covered ſince a little before the beginning of the Iyth century: However, in 

the method here taken, it is apprehended that the proper judges will find ſome 

few improvements, as well in the art itſelf as in the manner of communicating 

it to learners, | Ele LID ID Hee he 

The common treatiſes. of Navigation, which, on acchunt of their ſmall bulk 

and eaſy price, are vended among the Britiſh Mariners, 755 not to be written 

with an intention to excite in their readers a deſire to purſue the Sciences, 

farther than they are handled in thoſe books ; ſo that it is no wonder our ſea- 

nen in general had ſo little mathematical knowledge; for. the perſon who 

could keep a trite journal, formed on the moſt eaſy occurrences, has been reck- 

oned a good artift ; but whenever thoſe occurrences have not happened, the 
journaliſt has been at a leſs, and unable to find the ſhip's place with any 

tolerable degree of preciſion ; and ſuch accidents have probably contributed 

te the diſtreſs which many ſhips crews have experienced, and which a lit- 

tle more knowledge among them might have prevented, or at leaſt have liſ= 

fened, | | EI C 
Aout the middle of the 16th century, Navigation began to be conſidered 

as an art, in a great meaſure dependent on the Mathematical ſciences ; and 

en ſuch a plan has it been cultivated by the labours of the moſt judi- 

N cious, wha have applied themſelves toward its perfection; and although 
the art has been enriched by the obſervations of = learned men in dif- 

ferent nations, yet it has ſo happened, that the chief of the improvements, 

end particularly the mathematical ones ®, were firſt publiſhed in Britain, 

Into this work are collected moſt, if not all, of the uſeful and curious par- 
ticulars relating to the art of Navigation; there are alſo interſperſed hiſ- 
torical remarks of inventions, with the names of many eminent men, and 
their works ; theſe were intended as incentives to inſpire learners and our 
ſeamen with a deſire not only of knowing the things herein treated of from 
' "their foundatiens, but of puſhing their inquiries into ſuch other parts of 

the ferences as may procure to themſelves pleaſure, profit, and reſpet?, and 
| . N | r. nler 
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render them more uſeful to their country by the ill reſulting from ſuch ac- 
I have always thought that the chief motives which ought to indute a per- 
ſon to —_— as a writer ſhould be, either that he has ſomething neu to pub- 
hat he has arranged the parts of a known ſubjef, in a method more 

regular and uſeful than had been done before ; in either of theſe caſes he can- 
not be a proper judge, unleſs he has ſeen the pieces extant on that ſubject, or, at 
leaſt, thoſe of the maſt eminent authors already publiſhed : On theſe principles 
I was led to examine what had been done by the different writers on Naviga- 
tion; and having peruſed moſt of their Books, of which T could get inſorma- 
tion, I had an opportunity of diſcovering the ſteps by which this art has riſen 
t2 its preſent perfection, and conſequently of knowing the mojl material parts of 
the hiſtory of its progreſs : Among other things, I could not avoid remarking a 
miſtake which has crept into many of the modern Books of Navigation; which- 
is, that Wright's invention of making a true ſea- chart was ſtolen by Mercator, 
and publiſhed as his own..: 1 ſuſpett this ſtory had its riſe in a Book printed in 
the year 1675 by Edward Sherburne, intitled, © The Sphere of Marcus Ma- 
nilius made an Engliſh Poem, with Annotations and an Aſtronomical 
Appendix. „ $72 h- 

| My enquiries into theſe matters, induced the late learned Dr. James Wil- 
ſon to review and complete his obſervations on the ſame ſubjett, and produced 
his Diſſertation on the Hiſtory of the Art of Navigation; which he was 
pleaſed to give me leave to publiſh with the ſecond edition of this work. 


There are few perſons, however knowing and careful, who may not commit, 
and overlook, inadvertencies in their own compoſitions, which may be diſcovered 


by others : therefore, at my requeſt, the greateſt part of the manuſcript for the 


firſt edition was read and examined by t1:2 of my friends *, well acquainted 


with the theory and practice of Navigation; who, by their judicious obſerva - 


tions, enabled me to improve ſeveral articles : Some part of the additions to the 
ſecond Edition, received much elegance and perſpicuity through the friendly ad- 
vice and communications of the late learned Dr. Henry Pemberton, F. R. S. 

The ſecond Edition of theſe Elements having alſo been well received by the 
Public; Dr, Wilſon took the pains to reviſe his Diſſertation, which he im- 
proved in many particulars: And I have alſo endeavcured to retain their fa- 
vourable opinions of my !abours, by giving Compendiums for performing the 
operations of the new methods of finding the latitude and longitude of a ſhip at 
fea; and ſome other alterations and additions which I conceived would render 


this third Edition mare generally uſeful. 


PY _ — n — e 


William Mountaine, Eſq, F. R. 8. and Mr, William Payne. 
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THIS treatiſe in two volumes contains ten books; each is divided 
| into ſeveral ſections, and numbered with the Roman numerals. | 
he particular articles are numbered by the common figures, each 
book beginning with the number 1. 3 

Ihe references made from one article of the treatiſe to another is of 
two kinds. | 7 e 3 | | 

Fi:/t. When in the fame book. Then the number of the article re- 
ferred to, is put in a parentheſis. Thus (27), refers to the article num- 
bered 27 in the ſame book. | | 


Second. When in another book. Then the number of the book in 


Roman figures, and of the article in common figures, 1s put in a paren- 
theſis. Thus (II. 160) refers to the 160th article of the ſecond book, 


In the following contents, the ſcions refer to the number of the page: 


the particulars to the number of the article. 


Vor. I. BOOK I. ARITHMETICK. 


SBCTICN J. Defnitiins and an N p. 44 
ciples p. 1 The Rule sf Three 46 


Notation, mmeration, and ſractions A collection of 26 gueſtions 


From Page 1 to Page 42. 


oO 
. 


47 
| articles 1 to 21|SECTION VIII. Of powers and 
Signs, and tables of cciu, weignts, roses | | p. 26 
1 22, 23 To raiſe numbers to a propoſed 
S=CTIOn II. Audition . 6| power | art, 49 
Of while numbers end fraligs 24 To extra the ſquare root 54: 
SECTION III. Subtraction p. 8 To cxtradt the cube root 6 
Cj tohole numbers and fractions 20 SECTION IX. Of numeral ſeries 
£2 reftions to exerciſe Addition and | . | p. 30 
dubtracbion | 27 Of arithmetic progreſſion art. 59 
SECTION IV. AZuliiplication p. 10 Of geometric progreſſion oy 
Alultiplication table art. 20] Some proferties of ſuch progreſſi- 
Aultiplicatien of whole numbers onal numbers from art. 62 to 67 
aud fractians art. 320 Four problems in progreſſions 
St V. Diviſion p42}: 


| * 68 to 71 
Of whole numbers and fractions 31 SECTION X. Of logarithms p. - 
SECTION VI. Neduction p- 14 Of the nature of logarithms 73 
Of ſeveral names to ene name 35 To make logarithms 77 
| 2 


inferior name to ſup. name 306 | Of the tables of logarithms 


- : 4 5 

/ ear Jrations to decimals 38 Cf the indices of logarithms 83 
in; % nantes 70 4 decimal 40% Multiplication by logarithms 85 
2% vaine decimal fractions 421 Drviſion by logarithms 86 
Hradiical queſtioss 


N 43 Of proportion by logarithms 87 
SY ch VII. Of Proportion p. 20 Of the arith. comp. of logarithms 88 
Of the nature of proportional num- Of powers and roots by logarithms 89 
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BOOK n. GEOMETRY. 


From Page 43 to Page 88. 


SECTION I. Definitions and Prin- 


ciples x W 
Definitions art. 1 to 42 
Poſtulates 43 
Axiams | 46 


SEcr. II. Geometrical Problems p. 4 
Of right lined figures 55 to 69 
Of the circle 70 to 74 
Of proportional lines 75 to 80 
Scales of equal parts and chords 

| 81 to 84 
Of polygons | 8 

SECTION III. Geom, Theorems p. 58 

} 4 lines and triangles art. ꝙ i to 106 
V quadrangles and the circle | 


| 107 to 137 
BO OE III. PLANE 


SECTION IV. Of Proportion p. 68 
Definitions and Principles 138 to 147 / 
General Properties 148 to-164. 
In fimilar triangles 5 
In the circle and regular polygons 169 
| Duadrature of the circle 191 
SECT. V. Of planes and ſolids p. 82 
Definitions and Principles art. 198 
Properties of cutting planes 209 
Section of pyramids and cones. 211 


SECTION VI. Of the ſpiral p. 86 
2 the common ſpiral art. 221 

Of the proportional ſpiral -. 2223 
Logarithmic ſpiral - | 226 


Of Napier's Logarithns 229 
= 


TRIGONOMETRY. ©. 


From Page 89 to Page 124. 


SECTION I. Definitions and Prin- 
ciples p. 89 
Definitions art. I to 16 


Section II. Triangular canon p. 92 
Conftruftion of the plane ſcale art. 17 
2 


Of fines of ſmall arcs 5 
f fines above GO. degrees 29 
Of the relation of tangents, &c, 31 


To compute the fines 38 
Of the tables of ſines, tangents, 
& | 


5 9 
SECT. III. Salution of triangles p. 100 


By oppoſite ſides and angles art. 45 


Two ſides and included right an- 
„ — 46 

Two ſides and included oblique an- 
gle 4.8 
By three ſides | 49, 50 


| Synop/zs of the rules Art. 5 
Twelve numeral examples 53 to 64 
SECTION IV. Of the Gunter's 
„ >, p. 114 
N natural and logarithmic ſcales 


art. 65, 66, 67 
Of the line of numbers 68 
| Of the line of fines ._ 6 


Of tangents and verſed fines 70, 71 


| Demonſtration of their conſtruct ion 


95 72. 
Sect. V. Uſe Gunter's ſcale p. 118 


Precepts art. 76 to 78 

Exemplifications 79 to 86 
SECTION VI. Properties of plane 

triangles p. 122 


In oblique angled triangles art. 88 
\ Rules for finding an angle o to 98 


BOOK IV. OF SPHERICS. 
From Page 125 to Page 193. 


SECTION I. Principles p- 125 
Definitions | art. 1, 
Axioms e 

SECTION II. Stereographic propo- 

frions | p. 128 


Principal properties art. 30.t6 59 


Scr. III. Spheric Geometry p. 135 
The conftruction and demonſtration 
of 37 caſes art. 60 to 81 
SECTION LV. Spheric Trigonome- _ 
iry | MN. p. 145 
Definitions and Principles art. 82 
SECTION 


CONTENTS 


SecTioNn V. Spherical Theorems | SecTIoNn IX. Canſtruction and 4 
=o 5 p- 146 calculation of the cafes of obligue _ 
Fifteen pro ofetions art. 90 to 110 angled ſpberic triangles p. 173 
SecrTion VI. Solutions of right | Numeral examples art. 163 to 168 

angled ſpheric triangles p. 152 SECTION X. Goniometrie lines p. 179 


By two new rules art. 1110 Properties deduced art. 169 8 
By Napier's general rule. 119 Table gonoimetric relations — 4 
Skcriox VII. Solution of obligue | f 171 to 210 

angled ſpheric triangles p. 157] Fariety ef theorems 211 to 224 


With a perpendicular 120 to 124| ' Relation between the fides and an- 
Given three ſides or three angles 125 - gles of ſpheric triangles 225 to 236 
Synopfis of r13ht angled ſoher. 127] Rules when two ſides and the in- | 
Synopfes of obligue angled ſpher. 144] cluded angle are known, to find : 
SECTION VII. Conſtruction and the other angles Is 
\ calculation of the caſes of right | Rules when three fides are known 254, 
angled ſpheric triangles p. 156| To find the natural fines of given 
Numeral examples art. 156 to 161] arcs; and the contrary 256, 257 
Exam. of a quadrantal triangle 162 ä FE 


BOOK V. ASTRONOMY, 

From Page 195 to Page 328. | | 

Sxcriox I. Solar Aſtronomy p. 195] To convert time into degrees, and 4 
Of the Solar Syſtem art. 1 degrees into time p. 133 
Numben of conflellations and ars 6 Of the culminating 77 the flars 134 


0 
De. 


Primary and ſecondary planets 12|SECTION IV. Of the projection of 
Annual and diurnal metiuns 17 the ſphere 221 
Planets orbits and nodes 21 Four projections on the four prin- 
Elliptic orbits of the planets 23  cepal eeretes art. 135 
Kepler's laws © 29|SEC'T. V. Problems of the ſpherep. 225 
= | Conjunctions and oppoſitions 34 | The con/ſiruftion and numeral ſo- 
_- Table of the ſolar ſyſtem 37 lution of 22 problems 139 to 169 
Of the ſecondary plantts 38|SecT. VI. To find the latitude p. 242 


Of the figure of the planets 40] Stereograthic ſolution of fifteen 
SECTION II. Terreſtrial Aſtronomy | problems of latitude 170 to 184. 


4 


| | Pp. 204| Fourteen other problems for find- 
Of the direct, flationary, and re- ing the latitude. 185 to 203 ä 
trograde appearances art. 45 Nonageſimal degree = > dg 
Phenomena of the inferior planets 46|SEcTION VII. Praftical Aftrono- 
% Phenomena of the ſupertor planets 49. m | . p. 268 | 
N Apparent motions of the Sun 500 Of aſtronemical inflruments art. 20 | 
 Obliquity of the ecliptic wy 5 b nn 35 on 00 
q the arfferent ſeaſons 5 VHiße Teleſcope 20 1 
Ning and ſeiting of ſtars &5| Of the Micrometer 20 
Of paratraxes = 60% Of the Quadrant 209 
The meaſure of the Earth 73] Of the Tranfit Inflrument 210 
-þ the Moon : 74 Of the Aftronomical Sector 212 
＋ felar and lunar eclipſes 79] Of the equal altitude inſtrument 214 
SECTION III. Aflronomy of the | To adjuſt the clock n 
| oher 7 pp. 214 the change in the Sun's declina- 
Definitions and Principles art. 89 tion . 
Of eftronemical tables 132] Of Vernier's dividing plate 219 


SECTION 


Lenin ͤ— end on i et R dared. oe i, aut = 
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| SgcTION VIII. Elements of the | Of mean and apparent time | p. 26 


Earth's mation p-. 280| To calculate the equation of time 26 
Of mean motion and anomaly art, 222 JECT. X. To make ſolar tables p. 293 
Of the different ear 229 Far finding the Sun's place 

| Fink | 


Twelve problems relating to the art, 26g to 280 


Earib's motion 234 to 255 Of declinat. and rigbt aſcen. to 289 
sxcr. IX. Equation of time p. 291 Equation time 2090 
| Of the ſyderial and equatorial day | Nineteen aſironamical tables 301 to 


art. 261 | 319 
BOOK VI GEOGRAPHY, &e. 
| From Page 329 to Page 400. 


SECTION I. Definitions and Prin- \SEcrT. V. The uſe of t 27 "OY 8 345 


ciples p. 329 Twenty-two problems on the celeſtial 
Of the poles and circles art. 3 and terreſtrial globes art. 54 to 75 
' Of latitude and longitude 6, 9 SecTton VI. Of Winds pi. 353 
* Diviſion of the Earth by zones 13} Air and Atmoſphere art. 78, 79 
Diviſion Ae Earth by climates 17 Trade-winds and Manſoons to 55 
SecT10N II. Natural diviſion Dr. Halley's obſervations 4 
' the Earth p. 332|Secrion VII. Of Tides p. 358 
Definitions art. 18 to 31 Of gravitation and attraction to 89 
Of continents and oceans 32, 33 Cauſe of the general tides art. ga 
SzcTION III. Of the political di- | The chief propoſitions on tides to 101 


viſion of the Earth pe: 334 | Of the tides about Britain 103 
Europe and its chief parts art. 35 SECTION VIII. Chronology p. 364 
$$ -_ . +: © © - oof Of and as OO SD 
þ che oO WE” | 42 Julian account or old flile 114 
nn. 4436566 Gregorian account, or new ſtile 115 
Sxc. IV. Geographical problems p. 342 Of the Kalendar = RO 
Cuncerning latitude and longitude | Chronological problems to 126 


So to 53 Geographical and tide table 137 
Vor. II. BOOK VII. OF, PLANE SAILING. 
From Page 1 to Page 130. 


Sec rrow 1. Of Principles p. 10SEC T. IV. Of fingle courſes p. 11 


Definitions ; art. 1 The fix caſes of plane ſailing to art. 
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r has been much diſputed to whom the world was obliged for the 
| mariner's compaſs... A late Italian writer indeed contends, after 
many *; that the.honour of the invention is due to Flavio Gioja of 


Hmalſi in Cumpania, who lived about the beginning of the 14th cen- 


tury +, though others ſay it came from the Eaſt, and was earlier known 


in Europe f. However that may be, it is certain, this wonderful diſ- 


covery gave tiſe to the preſent art of navigation; which ſeems to have 


made ſome progreſs during the voyages that were begun in the year 


1420, = Henry Duke of Viſto l. This learned: Prince, brother to Ed- 
ing of Portugal, was particularly knowing in coſmography, and 


tion, and make inſtruments and charts for the fea d. | 
Theſe voyages_being greatly extended, the art was improved under 
the ſucceeding monarchs of that nation. For Roderic and Foſeph, phy- 


| ficians to King John the Second, together with one Martin de Bohemia, 


a Portugueſe native of the iſland of Fayal, ſcholar to Regiomontanus, about 


the year 1485, calculated tables of the Sun's declination, for the ufe of 
the ſailors, and recommended the aſtrolabe for taking obſervations at 


ſeag. - | | $5. 9975 
The famous Chriftopher Columbus is ſaid, before he attempted the diſ- 
covery of America, to have conſulted Martin de Bohemia, with others, 


and during the courſe of his voyage to have inſtructed the Spaniards in 


, * a 0 0 
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| * Suitable to that verſe of Pannormitana, 5 
| Prima dedit nautis uſum magneti Amalphis, 1 
+ See Signor Gregorio Grimaldi's Diſſertation on this ſabje& in the Memoir: 
of the Etruſcan Academy of Cortona, tom. iii. p. 193. printed at Rome id 
1742. ; 3 1 SR f ; 2 : 1 5 8 
1 Hiftoire des Mathematiques, par M. Montucla, a Paris, 1758. 5 
il Mariane Hiſt. Hiſpan, lib. xx. cap. 11. and lib, xxvi., cap. 17. Meguntiæ 
KO! 5 : {3s > f a PS 185 
„ Decados d' Aſia par J. di Barros, lib, xvi. 1552. KY 
4 Mafeii Hiſtor. Indic. lib. i. p. 6. printed at Florence in 1588. 
" ; 1 5 navigation; 


„ ; 


A 


iv DISSERTATION ov Taz RISE, Kc. 


navigation * ; for the improvement of which art, the Emperor Charles the. 
Fifth afterward founded a lecture at Seville +. : 

The variation of the ſea-compaſs could not be long a ſecret. Columbus, 
on the 14th of September 1492, obſerved it, as his ſon Ferdinand aſſerts t, 
though others ſeem to attribute that diſcovery to Seba/tton Cabet ||. And 
as this variation differs in different places, Gonzales d Ovied: found there 
was none at the Azores &; where ſome geographers have thought fit in 
their maps to make their firft meridian to paſs through one of thoſe iflands ; 

it not being then known, that the variation altered in time. | Wo! | 
The uſe of the Cryſ6-Staff now began to be introduced amongſt the 
failors. This very ancient inftrument being deſcribed by Zohn Werner 
of Nuremberg, in his Annotations on the firſt book of Ptolemy's Geography, 
printed in 1514; he recommends it for obſerving the diſtance between 
the Moon and ſome ſtar, in order thence: to determine the longitude, 
Merner ſeems to have been the greateſt geometer, as well as aſtronomer, 
of the time. In 1522, he publiſhed a tract q, containing a ſpecimen of 
the conics, with ſome ſolid problems: he alſo there determined the 
preceſſion of the equinox more exactly than-it, had been done. 

But the art of navigation {till remained very imperfect, from the con- 
fant uſe of the plane-chart, the groſs errors, of which muſt have often 
miſled the mariner, eſpecially. ia voyages far diſtant from the equator. Its 
precepts were probably at firſt only ſet down on the earlieſt ſea-charts, as 
that cuſtom is continued to this day; and larger directions have been 
uſually premiſed by the Dutch, to collections of their charts called Wa. 
 goner's, from the name of the publiſner: The Duteh call theſe col- 
lections alſo by many other affected titles, ſuch, as #tery- Columns, Sca- 
Beacons, Mirrors, Atlaſſes, &c. 1 1 EL 

At length there were publiſhed in Spaniſb two. treatiſes, containing a 
ſyſtem of the art, which were in great vogue; the firſt by Pedro de Medina, 
at /alladolid, 1545, called, Arte de Nauegar ; the other at Seuille, in 1556, 
by Martin Cortes, with this title, Breve Compendio de la Sphera, y de a 
Arte de Nauegar con nueuos Inſirumentos y Regias. The author of this laſt 
tract ſays, he compoſed it at Cauix in 1545. | Zo > 

Theſe ſeem to have been the oldeſt writers, who had fully handled 
this ſubject; for Medina, in his dedication to Philip Prince of Spain, 
. laments, that multitudes of ſhips daily periſhed at ſea, becauſe there were 


. 8 
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La Hiſtoria general y natural de las Indias par Gonzalles de Miedo, en 
Sevilla, 1535. And Deſcriptione de las Indias Occidentale, de Antonio de 
Herrera, en Madrid, 1601- | | | | | 
+ Hackluyts in the dedication of his firſt volume of Voyages, printed in 1599. 
In Celumbus's life written in Spauiſb, which is very ſcarce, but it was printed 
in Italian at Venice in 1571. ER | 8 
ll See Livio Sanuto's Geographia, at the ſame place in 1585, Dr. William 
Gilbert, de Magnete, London, 1600; and Purchas's Pilgrim, in 1625, vol. I. 
Cabot, a Venetian by birth, firſt ſerved our King Henry the Seventh, then 
the King of Spain, and laſtly, returning to England, he was conitituted grand 
pilot by King Edward the Sixth, with an annual ſalary of above 160 pounds. 
Of this famous nawgator and his expeditions, many writers have made men- 
tion, both foreigners and Engliſh, as Peter Martyr, Ramuſeo, Herrera, Holin- 
fx Lord Bacon, and particularly Hacklzyt and Purchas, in their Collections of 
oyages. X . 7 
e Opera Mathematica at Nuremberg, in qua: to, 


” 


neither 
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neither teachers of the art, nor books by which it might be learnt; and 
Ertes, in his dedication, boaſts to the Emperor, that he was the firſt who 
had reduced navigation into a compendium, enlarging much on what he 
bad performed d, hn 3 5 | 

Medina gave ridiculous directions, how to gueſs at the place of the hori- 
zon, when it could not.be ſeen; as alſo he defended the errors of the plane- 

chart, and advanced againſt the variation of the magnetic needle ſuch ab- 
ſurd arguments, as Ariſtotle and his followers had done to prove the im- 
poſſibility of the Earth's motion. But Cortes briefly and clearly made out 
the errors of the plane-chart, and ſeemed to reflect on what had been ſaid 
againſt the variation of the compaſs, when he adviſed the mariner rather to 
be guided by experience, than to mind ſubtle reaſonings. Beſides he en- 
deavoured to account for this variation, in imagining the needle to be in- 
fluenced by a magnetic pole (which he called the point attractive) different 
from that of the world, and this notion has been farther proſecuted by 
others. | 855 | 2 5 | 
However, Medina's book, being perhaps the firſt of its kind, was ſoon 

tranſlated into Italian, French, and Flemiſh t, ſerving for a long time as a 

guide to navigators of foreign countries. Whey 

But Cortes was our favourite author, a tranſlation of whofe work by 
Mr. Richard Eden was, on the recommendation of that great navigator 
Mr. Stephen Burrough, and the encouragement of the Society fo? making 
diſcoveries at ſea, publiſhed at London in 1561; which underwent vari- 
ous impreſſions f, wbilſt that of Medina, though tranſlated within twenty 
years after the other, ſeems to have been neglected, notwithſtanding the 
encomiums beſtowed on it by Mr. John Frampton, the tranſlator. 

A ſyſtem of navigation at that time conſiſted of ſome ſuch particulars as 
theſe : An account of the Ptolemaic hypotheſis, and the circles of the ſphere ; 
of the roundneſs of the Earth, its longitudes, Jatitudes, climates, an 
eclipſes of the luminaries; a kalendar; how to find the prime, epact, 
&c. and by the laſt the Moon's age, and thence the tides ; a deſcription 
of the ſea- compaſs, not forgetting the loadſtone, with ſomething about 
the variation, called its north-eaſting and north-weſting, for the diſco- 
vering of which, by night as well as by day, Cortes ſaid, an inſtrument __ 
might be eafily contrived ; tables of the Sun's declination for four years $, 
in order to find the latitude, from his meridian altitude; to do the ſame - 
thing by thoſe called the guard-ſtars in the north, and the croſiers in the 
ſouth ; of the courſe of the Sun and Moon ; the length of the days ; of 
time and its diviſions; to find the hour of the day, and by the nocturnal 

© | 


The learned Don -Nicolo Antonio, in his Bibliotheca Hiſpanica, printed at 
Rome in 1672, tom. i. p. 323. puts down a book, intitled, Tradado de la Sphera y 
dil marear gen el regimento de las alturas, written by Franciſco Falero, a Portugueſe, 
and printed at Seville in 1535; but perhaps there is a miſtake in the date. He 
alſo mentions an edition of Cortes in 155111. „ 

+ The Italian and French tranſlations were printed in 1554, the firſt at 
Venice, the other at Lyons; the Flemiſh edition, I have ſeen, was at Antwerp in 
1580; perhaps it had been printed before. > | 
I In che latter editions ſame miſtakes in the tranſlation are corrected. | 

Cortes ſets down the places of the Sun for a twelvemonth, with an equa- 
tion-table to correct thoſe places, ferving for many years to come; and alſo 
another table to find the Sun's declination from his longitude being given. 

a3 - | | that 
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that of the night; and laſtly, a deſcription. of the ſea-chart, on which to 


diſcover where the ſhip is, they made uſe of a ſmall table, that ſhewed, 


upon an alteration of one degie2 in the latitude, how many leagues were 
run on each rhumb, together with the departure from the meridian. Be. 
fides ſome inſtruments were deſcribed, eſpecially by Cortes; as one to 
find the place and declination of the Sun, with the days and place of the 
Moon; certain dials, the aſtrolabe and croſs-ſtaff, with a complex may, 
chine to diſcover the hour and latitude at once. e | 
And after this manner the art continued to be treated, though from 
time to time improvements were made by the following authors. 5 
As Werner had propoſed to find the longitude by obſervations on the 
Moon; fo Gemma Friſius, in a tract, intitled, De Principus Aftronomiz et 
Coſmog raphiæ, pi inted at Antwerp in 1530, adviſed, the keeping of the 
time by means of ſmall clocks or watches for the ſame purpoſe, then, as 
he ſays, lately invented. He alſo contrived a new ſort of croſs-ſtaff, which 
he deieribes in his treatiſe De Radio Aftronomico et Geometrico, printed at 
the ſame place 1545, and in-his additions to Peter Apian's Coſmography, 
gives the figure of an inſtrument, he calls a Nautical Quadrant, as very 
uſeful. in navigation, promiſing to write largely on the ſubject ; accord- 
ingly, in an edition he made anno 1553, of his above-mentioned book 
De Principiis Aftronomiz, &c. he delivers ſeveral nautical axiams, as he 
calls them, which with ſome alterations were repeated by his ſon Cornelius 
Gemma, in a poſthumous piece of his father on the Univerſal Mirolabe, 

' publiſhed in 1556. Gemma Friſius died in 1555, aged 45 years. _, 
Witch us Dr. William Cunningh:m, in his Coſmegraphical Glaſs, printed in 
1559, amongſt other things briefly treats of navigation, eſpecially ſhew- 

ing the uſe of the Nautical Quadrant, much praiſing that inſtrument, 

But a greater genius than theſe undertook this ſubje&'; for the famous 
"mathematician, Pedro Nunez, or Nonius, having fo early as 1537 pub- 
| lifhed a book, written in the Portugueſe language, to explain a difficulty 
in navigation propoſed to him by the commander Don Martin Alt honſo 
ae Suſa ; which was thirty years after printed at Baſil, in Latin, with the 
addition of a ſecond book, the whole intitled de Arte et Ratione Navi- 
gandi; where he expoſes, both truly and learnedly, the errors of the plane- 
chart; and beſides gives the ſolution of ſeveral curious Aſtronomical Pro- 
blems, amonęſt which is that of detei mining the latitude from two obſer- 
yatiohs of the Sun's altitude, and the intermediate azimuth being given, 
He alſo delivers many uſeful advices about the art of navgiation, parti- 
cularly how to perform its operations on the globe. He cbferved, that 
though the oblique rhumbs are ſpiral lines, yet the direct courſe of a ſbip 
will always be the arch of ſome great cir#le, whereby the angle with the 
meridians will continually change; all that the ſteerſman can here do 
for the preſerving of the original rhumb, is to correct theſe deviations as 
ſoon as they appear ſeniible, But thus the ſhip will in reality deſcribe a 
courſe without the rhbumb-line intended; and therefore his calculations 
for aſſigning the latitude, where any rhumb-line croſſes the ſeveral me- 
ridians, will be in ſome meaſure erroneous. He alſo again ſets down his 
method of diviſion of a quadrant by concentric circles *, which he had 
. i deſcribed 
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hne admirable diviſion, now ſo much in uſe, is g yery great improvement 
of this; ſo that when the famous Dr. Edmund Halley, the Royal Aſtronomer, 


revived 
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deſcribed in his ingenious treatiſe de Crepu zulis, printed in 1542, ima- 
gining it had been practiſed by Ptolemy. There were alſo added other 
tracts of his, but the completeſt edition of his Latin works was made by 


himſelf at Coimbra in 1573. His treatiſe of Algebra, written in Spani/hy 


was printed at Antwerp ſix years before. - 34 
In 1577 Mr. William Bourne publiſhed his treatiſe *, intitled, 4 Re- 


giment for the Sea, which he deſigned as a ſupplement to Cortes, whom 
he frequently quotes. Beſides many things common with others, Bourne 


gives a table of the places and declinations of thirty-two principal ſtars, 
in order to find the latitude and hour; as alſo a larger e- table than 
that publiſned by Mr. Leonard Digges, in 1556 f. He ſhews, by con- 
ſidering the irregularities in the Moon's motion, the errors of the ſailors 


in finding her age by the epact, and alſo in their determining the hour 


from obſerving upon what point of the compaſs the Sun and Moon ap- 


_ peared. He adviſes in failing toward high latitudes to keep the rec- 
koning by the globe, as there the plane-chart errs moſt. He deſpairs of 


our ever being able to find the longitude by any inſtrument, unleſs the 
variation of the compaſs ſhould be cauſed by ſome ſuch attractive point, 
as Cortes had imagined. "Though of this he doubts, and as he had ſhewn 
how to find the variation of the compaſs at all times, he adviſes to keep 
an account of the obſervations, as uſeful to diſcover thereby the place 
of a ſhip ; which advice the famous Simon Stevin profecuted at large in 
a treatiſe publiſhed at Leyden in 1599, intitled, Portuum inveſtigandorum 
Ratio 3 Hugone Erotio; the ſubſtance of which was the ſame 
year printed at London in Engh/h, by Mr. Edwarg Wright, intitled, The 
Haver-finding Art. | 1 e 

But the moſt remarkable thing in this ancient tract is, the deſcribing of 


the way by which our ſailors eſtimated the rate a ſhip made in her courſe, 


by an inſtrument called the 1g. This was ſo named from the piece af 
wood or log that floats in the water, while the time is reckoned during 
which the line that is faſtened to it is veering out. The author of this 
device is not known, and I find no farther mention of it till 160%, in an 
Eafi-India voyage, publiſhed by Purchas ; but from that time its name 
occurs in other voyages, that are amongſt his collections. And hence- 
forward it became famous, being taken notice of, both by our own au- 
thors, and by foreigners; as by Gunter in 1623, Snellius in 1624, Me- 
tius in 1631, Oughtred in 1633, Herigone in 1634, Saltonſtall in 1636, 


| Norwood in 1637, Fournier in 1643; and indeed by almoſt all the ſuc- 

ceeding writers on navigation, of every country. And it continues to 
be ſtill in uſe as at firſt, though attempts have been often made to im- 
prove it, and other contrivances propoſed to ſupply its place. Many of 


theſe have ſucceeded in quiet water, but proved uſeleſs in a troubled ſea. 
A following edition of this book was reviſed by the author, where, in 


the preface, he ſets forth the groſs ignorance of the old ſhip-maſters, re- 


peating ſome of the inſipid jeſts they made uſe of to juſtify their want of 


Ah. 
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revived that by adapting it to his Mural Arch, ſome body here named it 


A Nonius, in which he has been followed by many, 


/ 


* He had ten years before publiſhed what he calls Rules of Navigation, as 


- 


appears from his Almanac, printed in 1571. | 
| + In his treatiſe, intitled, 4 Prognoftication everlaſting, fol, 23. 3 
fs a 4 knowledge 


- 
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knowledge in their art. Amongſt the additions, he enlarges on the ac. 
count of 'the „ And at the end ſubjoins an ZHydrographical Diſ- 


courſe touching the ſive ſeveral Paſſages into Cathay. 


Bourne publiſhed other tracts, as one called Inventions or Deviſes, where | 
he deſcribes a method by whee/-work of meaſuring the velocity of a ſhip. 


at ſea, which artifice he attributes to one Mr. Humfrey Cole. 


At Antwerp, in 1581, Michael Cvignet, a native of the place, publiſh 


2 ſmall treatiſe, intitled, Inſtruction nouvelle des Points plus excellents 
neceſſaires touchant I Art de Naviger *, This ſerved as = a Y_g to 
Medina, whoſe miſtakes Coignet well expoſed. He there 


cable; and therefore in a manner uſeleſs to ſailors. In treating of the 


Sun's declination, he took notice of the gradual decreaſe in the obliquity 


of the ecliptic, a point long diſputed, but now ſettled from the theory of 
attraction. He alſo deſcribed the croſs- ſtaff with three tranſverſe pieces, 
as it is at preſent made, which he acknowled; 2d to be then in common 
uſe amongſt the mariners ; but he preferred that of Gemma Friſius. He 
likewiſe gave ſome inſtruments of his own invention, which are now 


quite laid aſide, except perhaps his nocturnal. As the old ſea-table, 


mentioned above, erred more and more in advancing toward the poles ; 
he ſet down another to be uſed by ſuch as ſailed beyond the Goth degree 
of latitude. At the end of the book is delivered a method of failing on a 


parallel of latitude by means of a ring dial, and a 24 hour glaſs ; on which 


the author very much values himſelf. 


The fame year Mr. Robert Norman + publiſhed a diſcovery, he had 


long before made, of the dipping of the magnetic meedle, in a ſmall pam- 


phlet called The Nee Attractiue, where he ſhews how to determine its 
quzntityz and in ſpeaking of the loadſtone, he diſputes againſt Cortes's 
notion, that the variation of the compaſs was cauſed by a point fixed in 
the heavens, contending. that it ſhould be fought for in the earth, and 
propoſes how to difcover its place. He alſo treats of the various forts of 
compaſles, ſetting forth at large the dangers that muſt ariſe from the 
then prevailing practice of not fixing, on account of the variation, the 
wire directly under the flower-4c-/uce; as compaſſes made in different 
countries have it placed differently. Baurne indeed had warned againſt 
this abuſe, and there are many things common to both authors. 

To Norman's piece is always ſubjoined, Mr. William Burrough's Diſ- 
courſe of th: Variation of the Cumpajs or Magneticall Needle. The author 
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ewed, that 
as the rhumbs are ſpirals, making endleſs revolutions about the poles, nu- 


merous errors muſt ariſe from their being repreſented by ſtraight lines on 
the ſea- charts; and expreſſed his hopes of diſcovering a rule to remedy 
thoſe errors; ſaying, that moſt of the ſpeculations, delivered by the 


great mathematician, Peter Nonius, for that purpoſe, were ſcarce practi- 


had been a famous navigator, having uſed the ſea from fifteen years of 


— — — — ta Y td 


It had been publiſhed in Flemiſb, but the French edition is the fulleſt. 
Coignet di d in 1623, leaving many. mathematical manuſcripts, ſee Yalerii 
Andree h blutheca Belgica, printed at Louvain in 1643. 

I He is cemmended for an excellent Artiſt by our authors, as Bcurne, 


S Sir Humfrey Gilbert, Hues, Potter, Blundeville, W right, and Dr. 
bert. | | | : 
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ige, and for his merit promoted to be Controller of the navy by Queen 
Elizabeth *. He ſhews how to determine the variation ſeveral ways, 
ſetting down many obſervations of it made by an azimuth compaſs of 
Nirman's invention, but improved by himſel& He demonſtrates the 
falſhood of the rules commonly uſed, to find the latitude by the guards 
ſtars. He particularizes many errors in the then ſea- charts, occaſioned 
by the neglect of the variation; adding, But of theſe coaftes (toward the 
North ), and of the inwarde ah 4 the countries of Ruſſia, Muſcovia, &c. 
I have made a perfect plat and deſcription, by myne owne experience in ſun- 
drie voiages and travuailes, bothe by ſea and lande to and fro in thoſe partes, 
which I gave to her Majeſtie in anno 1578. And, laſtly, he juſtly finds 
fault with Coignet's inſtrument, called a Nautical Hemiſphere; but ſpeaks 
too ſeverely againſt the writers of navigation, concluding thus: 
But as I haue alreadie ſufficientlie declared, the cumpas ſheweth not akwaies 
the pole of the worlde, but uarieth from the ſame dverſly, and in ſayling de- 
ſeribeth circles accordyngly. Which thing, if Petrus Nonius, and thejreft 
that haue written of Navigation, had jointlie conſidered in the traftation 4 
their rules and inſtruments, then might they haue been more auaileable to t 
uſe of Navigation; but they perceivyng the difficultie of the thyng, and that 
if they had dealt therewith, it would have utterly overwhelmed their former - 
plauſſible conceits, with Pedro de Medina (who, as it appeareth, hauyn 
fame ſmall ſuſpicion of the matter, _— very clerkly, that it is not ny 
ſary that ſuch an abſurdity as the Variation, ſhould be admitted in ſuch an 
excellent art as Navigation is) they haue all thought beſi to paſſe it over with 
Hence. - Ll | 
# The Spaniards too continued to publiſh treatiſes of the art; particularly 
at Seville was printed in 1585 an excellent Compendium by Roderico Za- 
morano; which is written clearly and with brevity, not being incumbered 
with ſuch idle ſpeculations as abound in Medina and Cortes. The author 
was Royal Lecturer at Seville, and contributed much to the reforming ' 
the ſea-charts ; as we are told by his ſucceſſor, Andres Garcia de Ceſpedes, 


who alſo publiſhed a Treatiſe of Navigation at Madrid, in 1606. - 


3 * 


As globes may be very ſerviceable for the mariner, Mr. Edward Mul. | 


lineux ſet forth in 1592, at the charges of Mr. William Sanderſon, mer- 
chant r, a pair much larger than thoſe the famous geographer Gerard 
Mercator publiſhed in 1541, On the terreſtrial one were defcribed many 
new diſcovered countries, and traced out the reſpective. voyages round 
the world by Sir Francis Drake in 1577, and Mr. Thomas Cundiſb in 
1586, with the progreſs Sir Martin Prod ther had made toward the north 
in 1576, to a place called his Straits. 92 
Theſe globes were accompanied with a tra& containing their uſes 
written in Engliſh; but in 1594 Mr. Robert Hues publiſhed a more ela- 
| borate one in Latin; wherein, amongſt others, he ſolves by the globe 
the problem of determining the latitude from two heights of the Sun ob- 
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8 Hackluyt's Voyages, vol. I. p- 417. printed in 1599. „ | 
+ Mr. Sanderſou was commended for his knowledge as well as generoſity | 
to ingenious men. N 


ſerved 
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ſerved with the intermediate time being given »; and in the laſt part of 
his book, he performs the uſual queſtions in navigation, premiſing a dif- 
courſe on the rhumb-lines, where he attempts to refute what Gemma 
Friſius had aſſerted, who ſays, that they meet in the poles. At the con- 
eluſion he highly praiſes a treatiſe of Mr. Thomas Hariot, hoping it would 
be ſoon publiſhed, in which that author had oy Ne of this ſubje& upon 
geometrical principles, with great ſagacity and fudgment. But all the 
manuſeripts of that great mathematician were loſt, except his Artis Ana- 
yticæ Praxis, which was publiſhed long after his death in 1631; wherein 
is firſt advanced that idea of algebraic equations, which has been ever 
ſince followed, | | 
Hues + was a perſon of letters, and beſides had been far at fea. Amongſt 
other curious particulars, he gives a good account of the attempts that 
had been made at various times to meaſure, the Earth. In the Epiſtle to 
Sir Walter Rawley, he takes an occaſion to enumerate-the many difcoveries 
of our mariners in very different parts of the world. His book was re- 
ceived with great applauſe, and has been indeed a pattern for ſuch as 
afterward handled the ſame ſubject. It has been often printed abroad, 
particularly in 1617 with the notes of hn 2 Pontanus, who omitted 
the Epiſtie and the mentioning of Harxiot. owever, from this mutilated 
edition it was tranſlated into Engliſb by one Mr. John Chilmeads and pub- 
liſhed in 1639. | | | l 
Amongſt our failors none were more famous than Captain John 
Davis t, who gave name to the ſtraits which he diſcovered; and great 
matters were expected from his long experience and ſkill. In 1594 he 
publiſhed a ſmall treatiſe, intitled, The Seaman's Secrets. This is written 
with brevity, though ſomewhat pedantically, and was eſteemed in its 
time, an eighth edition being printed in 1657 ; fo that it ſeems to have 
ſupplanted Cortes. Davis treats of plane failing, calling it horizontal, 
and fets down the form of keeping a reckoning at fea. - He likewiſe 
ſhews how to fail by the globe, and boaſts of what he intended to do; 
much commending great circle failing, without deſcribing it, as alfo 
what he calls paradoxal; that is, by a projection on the plane of the 
equator with ſpiral rhumbs, ſaying, he will publiſh a chart for that pur- 
| poſe. But, above all, he extols the uſe of calculations in the caſes of na- 
vigation, and promiſes to handle that ſubject. 
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„This problem has been diſcuſſed by Dr. Heary Pemberton, in the Philo- 


ſophical Tranſactions, vol. li. part. 2d. 1760, p. 910, where he has alſo given 
ſome improvements in trigonometry, 


+ There is an account of Hues and Hariot in Anthony Wood's Athen, Oxon. 
vol. 1. printed in 1721, as being both members of that univerſity. A 
t several of his voyages are in Hackluyt's and Purchas's collections. He 
and Captain Abrabam Kendal are greatly praiſed by Sir Robert Dudley, in his 
Arcano del Mare, as keeping a perfect reckoning by the way of longitude and 
latitude, where are given two of their Journali. This Dudley was a natural 
ſon of the great Earl of Leiceſter, and had commanded, in 1 594, a fleet 


againſt the rf 3 but retiring to Florence, he aſſumed the titles of Duke 
of Nerthumberland and Earl of Warawick. 


f | . His Arcano was printed at that 
place in two volumes in 1646 and 1647, e a 


At 
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At the end of the book is given the figure of a ſtaff of his contrivance, 
to make a back obſervation. Of this the author is ſo vain as to ſay, Than 
which inſtrument (in my opinion) the ſeamen ſhall not finde any ſo good; and 
in all chmates of ſo great certaintie, the invention and demonſiration whereof, 
I may boldly. challenge to appertain unto my ſelfe (as.a portion of the talent 


' which God hath beſtowed upon me) I hope without abuſe or offence to any. 


This inſtrument ſeems to have for ſome time been in uſe; for Adrian | 


Mitius, in bis treatiſe, intitled A/fronomie Inſtitutio, printed in 1605, gives 
a figure of it from an original, in the poſſeſſion of M. Frederic Hautman, 


governor of Amboyna, But it ſoon yielded to one of a more commodious 
form, which is now commonly called Davis's Quadrant“; as if it was 
alſo of his invention, and that perhaps only becauſe a back-obſervation is 
made by both inſtruments, ſo the quadrant itſelf was at firſt ſtyled a Staff” 
and Back-Staff, GOO art 9 | 


The famous traveller Signor Pietro della Valle paſſing; in 1623, from 


Ormus to Surat aboard an Engliſh veſſel, where obſerving this quadrant 
much practiſed by the ſeamen, as it was quite new to him, takes an oc- 
caſion to ſhew its uſe very diſtinctly, and favs, they told him, that it had 


been lately invented and called David's Staff , from its author. Alſo 
Captain Charles Saltinflall, in his Navigation, deſcribes it under the name 


of a Back-Staff;.and in Captain Thomas Fames's famous voyage for diſ- 
covering a north--welt paſſage, begun in 1631, amongſt, the many inſtru- 
ments he carried along with him, are mentioned two of Mr. Davis's 


. Back-ſtaves, which were doubtleſs theſe quadrants, © 


Contemporary with Davis was Mr. Richard Polter, who, it is ſaid, 


had been a principal maſter aboard the Royal Navy. He wrote a very 


ſmall book, intitled, The Pathway to Perfect Sailing, where, from an ob- 
ſervation he made in 1586, he would infer , that different loadſtones 
communicated different degrees of variation to the magnetic needle, and 


therefore deſpiſes the publiſhing obſervations of that kind, as needleſs. 
His book was not printed till 1644, nor did it deſerve to be publiſhed, at 
all, as it abounds with miſtakes, and is written fantaſtically, obſcurely, and 


arrogantly. 1 5 | | | 
But all this while the plane chart, notwithſtanding its errors were fre- 
quently complained- of, continued to be followed; as its uſe is eaſy, and 


ſerves tolerably well in ſhort voyages, eſpecially near the equator. 


| However, a way to remedy theſe errors had, for ſome time, been in- 
quired after. And Gerrard Mercator ſeems to be the firſt, who conceived 
the means of effecting this, in a manner convenient for ſeamen, by con- 
tinuing to repreſent both the meridians and parallels of latitude by parallel 
ſtraight lines, as in the plane- chart, but gradually augmenting the diſtances 
between the degrees of latitude in advancing from the equator toward 


6 * 1 


* It is called by the French, Quartier Anglois. 5 4 

+ David Staff, che in lingua Ingleſe vale à dir legnodi David Viaggi; Part 
3. Letter 1. & Koma. This author not only praiſes the Captain Nicholas M. 
ccck, and other officers, but alſo the common ſailors, for their care and fill; 
and ſays, the Portugueſe loſe a great number of ſhips for not being ſo exact in 
their obſervations as the Exgli/h. Ei | 


t Perhaps he ſhould have thence. co: cluded the variation altered, as was 
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either pole; that the rhumbs alſo might be extended into ſtraight lines, ſo 
that a ſtraight line drawn between any two places, laid down in this chart 
by their longitudes and latitudes, ſhould make an angle with the meri- 
dians, expreſſing the rhumb leading from one to the other. But though 

Mercator, in'1569, ſet forth an univerſal map thus conſtructed &, it does 
not appear upon what principles he proceeded ; probably, by obſerving in th 
a globe furniſhed with rhumbs, what meridians the rhumbs paſſed at each 


titude (ſuppoſe Cape St. Vincent in Spain, which is his inſtance) the de- 
grees of latitude will be denoted by numbers increafing toward the pole, 
and decreaſing toward the equator. He had before expreſsly directed, 
that they ſhould be all equal by meafurement on a ſcale of leagues adapted 
to the map 4. : 3 2 
The paſlage in Ptolemy & referred to by Wright, does indeed relate 
to the proportion between the diſtances of the parallels and meridians, 
but contains no ſhadow of Mercator's ſcheme : for inſtead of propoſing 
any gradual enlargement of the diſtances of the parallels in a general 
chart; that on relates only to particular maps, and is more diſtinctly 
explained in the firft chapter of his laſt book; where he adviſes explicitly 
not to confine a ſyſtem of ſuch maps to one and the ſame ſcale, but to plan 
them out by a different meaſure, as occaſion fhall require, with this only 
caution ; that the degrees of longitude ſhould in each bear in ſome mea- 
ſure that proportion to the degrees of latitude, which the magnitude of 
the reſpeCtive parallels bear to a great circle of the ſphere ; and ſubjoins, 
that in particular maps, if this proportion be obſerved in regard to the 
middle parallel, the inconvenience will not be great, though the meri- 
dians ſhould be ſtraight parallels to each other; wherein his deſign is 
plainly no other, than that the maps ſhould in ſome ſort repreſent the 
figures of the countries they are drawn for. Mercator, who drew maps 
for Pfolemy's tables ©, underſtood him in no other ſenſe, thinking it an 


| | T 
degree of latitude. That he knew not the genuine principles, I ſhall 10 
make evident; our countryman, Mr. Edward Wrigbt, was certainly the 1 

firſt who diſcovered them. „ „F a0 

Wright inſinuates, but without ſufficient grounds, that this enlarge. 5 
ment of the intervals between the parallels had been ſuggeſted before by 1 
Cortes +, and even by Ptelemy himſelf. : CCC 0 
As to Cortes, he ipeaks of the number of the degrees of latitude, and k 

not the extent of them; for his expreſſion amounts to no more than this, 0 
that the degrees of latitude are to be numbered from the equator, and * 4 
conſequently both northward and ſouthward from that line the numbers t 
affixed to them muſt continually increaſe ; and from any place having la- t 

| 
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See his life, written by his intimate friend; 
was prefixed to an enlarged edition of his Atlas, 


— 


Gaulterus Ghymmius, which 
publiſhed at Duiſburg, in 
s death. Gerrard Mercator 


1593, by Rumoldus his ſon, a year after his father” 
was born in 15 12. | 5 
+ See the 2d chapter of Vrigbi's book. . 

1 Part 3d, cap. zd. fol. 58. 5 Grograph. lib. ii. cap. 1. 
[| In an advertiſement ſet down on his univerſal map, at the end of his 
are i edition of his book; and in this miſtake he has been followed by 
others. | > AE png 

8 In an edition he made of Pioleny's Geography, in 1 584. 1+ | 
4 =; | improvement 
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ether at Rome, in 1562, n 
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improvement not to regulate the meridians by one parallel, but by two; 
one diſtant from the northern, and the other from the ſouthern extremity 

of the map by a fourth 9080 of the whole depth; whereby in his maps, 
though the meridians are ſtraight lines, they are generally drawn inclining 
to each other toward. the pole. 5 


But Mercator's univerſal map, mentioned above, though the author de- 


ſgned it for the benefit of ſailors, was ſo far from being readily adopted, 


that ſome of the moſt ſkilful amongſt them objected: to its, uſefulneſs. 
Thus. Mr, Burrough ſays of it—By augmenting his degrees of latitude 
tnvard the poles, the ſame is more fitte 2 ſuche to beholde, as fludie in coſ= | 
— by readyng authours upon the lande, then to bee uſed in Navigation 
at the ſea. | | | 


And Mr. Thomas Blundeville, in his Briefe Deſcription of Univerſel 


Mappes and Cardes, firſt printed in 158, gives an account of this map, 
obſerving that Barnardus Puteanus of Bruges had publiſhed, in 1,579, one 
altogether like it. And though Blundeville is ſo particular, as to fet 
down numbers expreſſing the diſtances between each parallel of latitude 


in thoſe maps; yet he ſeems to light them, by ſaying, that no better rules 


than thoſe given by Ptolemy can be deviſed. But what is delivered by 
this geographer about the conſtruction of a general map, is a very indiffe- 


rent performance, altogether unworthy the author of the Almagęſt, and 


not in the leaſt correſponding with the ſagacity ſhewn in two treatiſes an 
the Planiſphere and Analemma, which the Arabians have handed down to 
us as Ptolemy's kx. ey | | | 

| Maginus alſo, at the end of his Geagraphia Univerſa, (the former part 
of which is a _ tranſlation of Ptolemy's) firſt printed at Venice, in 1596, 
mentions this map of Mercator, and gives even a ſketch of it; but ſeems, 
to ha e no diſtin& conception of the 2 deſign. „ 
That Mercator's map was not rightly deſcribed, is manifeſt from the 
numbers given by Blundevuille; and that he was ignorant of a genuine 
method of dividing the meridian, appears from a paſſage in his life, where 
the writer ſays Mercator often aſſured him, that this extending a ſphere 
into a plane anſwered to the quadrature of the circle, as that nothing 
ſeemed to be wanting but the demonſtration. 5 1 5 5 
However, our authors now began to entertain favourable thoughts of it, 
perhaps from the report that Mr. Wright was about to treat on that ſub- 
ject. Dr. Thomas Hood, to the firſt edition which he gave of Bourne's Regi- 
ment in 1592, added a Dialogue of his own, called The Mariner's Guide, 
written only to ſhew the uſe of the plane chart, where he acknow- 
ledges and ſets forth its errors, and highly praiſes Mercator's, ſaying, he 
had compoſed a treatiſe concerning it; but the indiſtinct account he gives 


of it, ſhews it would not be this author's lot to render it fit for the uſe 


of navigation. And Mr. Blundeville, in the following editions of his 
above-mentioned tract, omitted the commendation he had given of Pto- 
lemy's method of delineating an aniverſal map. : 

Mzrcator's ſcheme was not indeed contrived for repreſenting. the parts 


of a country in a juſt proportion to each other ; but is appropriated to the 


uſe of mariners, who fail upon rhumbs by the guidance of the compaſs ; 


1K ER 


* Theſe were publiſhed by Fed. Commgndinus, one at Venice, in 1518, the 
| | 
| which 
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which our countryman, Mr. Eduard Wright, perfected IN by diſcoveri oo 
2- true way of dividing the meridian. An account of this he ſent from 


Caius college, in Cambridge, where he was then a fellow, to his friend the 


above-mentioned Mr. Blundeville, containing a ſhort table far that pur- 
poſe, with a ſpecimen of a chart ſo.divided, together with the manner of 


dividing it. All which Blundeville publiſhed, in 1594, amongſt his Ex. 


erciſes, in that part which treats of navigation + ; where he has well de- 
Hvered what had been before written on that art; inſomuch that his book 
was long in great repute, a ſeventh edition having been printed in 1636. 
To the ſecond edition, Anno 1606, and following ones, was added his 
former diſcourſe of univerſal maps. — nl tka 
In 1597, the Reverend Mr. William Barlowe, in his Navigator's 
Supply, gave a demonſtration of this diviſion, as communicated by a 
friend; ſaying, This manner of carde has been publiquely extant in print 
thiſe thirtie yeares at leaſt t, but a cloude (as it were) and thicke mifle of 
ignorance doth keepe it hitherto concealed : And ſo much the more, becauſe 
fome who were reckoned for men of good knowledge, have by glauncing 
ſpeeches (but never by any one reaſon of moment ) gone about what they could 
to diſgrace it. | 3 | | NN 
This book of Barlawe's contains deſcriptions of ſeveral inſtruments for 
the uſe of navigation, the principal of which is an azimuth compaſs, with 
two upright fights &; and as the author was very curious in making ex- 
periments on the loadſtone, he difcourſes well and largely on the ſea- 
compaſs; and ſtil farther handles that ſubject in a tract he publiſhed 
fome years after, intitled, Magnetical Advertiſements, © | 
At length, in 1599, Mr. Wright himſelf printed his famous treatiſe, 
intitled, The Correction of certain Errors in Navigation, which had been 
written many years before; where he ſhews the reaſon of this diviſion |}, 
the manner of conſtructing his table, and its uſes in navigation, with 
other improvements: A book, as Dr. Halley ſays, well deſerving the pe- 
ruſal of all ſuch as deſign to uſe the faq. LE 
In the preface, Wright complains of the obſtinacy of our mariners, 


—_— 


Some of our modern writers have ſaid, Mercator took the hint from 


AV right, but that is a miſtake; for Mercator's map was publiſhed thirty years 
before Wright's book, who frequently refers to it. See Edward Sherburn's 
tranſlation of the firſt book of Manilius, in 1675, p. 86. TEES 
_ + Chap. 29. | 4 
] He ſhould have ſaid 28 only, 
& Many of theſe inſtruments are in the Arcand del 
demonſtration above mentioned. 


Mare, together with the 


Maps with their meridians thus divided had been publiſhed at Amferdam 


by Jodocus Hondius, who, when in Londen, working as an engraver, learnt the 
manner of doing it from Mr, Wright's Manuſcript ; the fourth chapter of which 
he had tranſcribed into one of his maps. Hendius afterward" in his letters, 
both to Mr. Briggs, and alſo to. Mr. Wright, begged pardon for not having 
acknowledged the obligation. See Wright's preface, where he complains o 
Hondius's proceeding ; and farther relates, how his book, a copy of which 
having beeg' preſented to the Earl of Cumberland, had liked to have come out 
under the name of a famous navigator, whom, from ſame circumſtances thers 
mentioned, I imagine to have been Abraham Kendal, 1 
q Philojofhical Tranſactions, for 1696, Nez 19. 


for 


O NAVIGATION. ay 


for not liking an improvement in their art, Gying, N they were lke 
thoſe whoſe ignorance Maſter Bourne had expoſed, repeating Bourne t 
very words: | | | 215 l . 2% [7c C 

| 4 Though this great improvement in navigation by Wright has been 


| embraced and followed by all proper judges; yet ſome undiſcerning 


perſons have of late, even amongſt us, found fault with it, particularly. 
Henry Wilſon, author of a Treatiſe on Navigation, by a propoſal for a 
curvilinear ſea- chart, in 1720; and the Rev. Mr, Veſt, of Exeter, in a 
oſthumous piece, printed in 1762. But their cavils were ſufficiently 
obviated 3 thoſe of the firſt by Mr. Haſelden, in his dercater's.Chart, 
and in his Reply, both printed in 1722; and of the ſecond, by Mr, 
William Mountaine, in the Philoſophical Tranſactions, vol. LIII. p. 69, 
Ao 1763... x „ e 
In 2 a ſecond edition of Mr. Wrigbi's book was publiſhed, and 
dedicated to Prince Henry, his royal pupil *, where the author inſerted 
farther improvements ; particularly, he propoſed an excellent way of de- 
termining the magnitude of the Earth; at the ſame time recommending, 
very judicioufly, the making our common meaſures in ſome ſettled pro- 
portion to that of a degree on its ſurface, that they might not depend on 
the uncertain length of a barley-corn, On OR an 
Some of his other improvements were, The Table of Latitudes for 
dividing the meridian, computed to minutes; whereas before it was but 
to every tenth minute, and the ſhort table ſent by him to Blundeville to 
degrees only: An inſtrument, he calls the Sea-rings, by which the varia- 


tion of the compaſs, altitude of the Sun, and time of the day, may be de- 


termined readily at once in any place, provided the latitude be known : 
The correcting of the errors ariſing. from the eccentricity of the eye in 
obſerving by the croſs-ſtaff: A total amendment in the Tables of the 
declinations and places of the Sun and ſtars, from his own obſervations, 
made with a ſix-foot quadrant, in the years 1594, 95, 96, and 97: A 


ſea-quadrant, to take altitudes by a forward or backward obſervation, 


and likewiſe with a-contrivance for the ready finding the latitude by the 
height of the pole-ſtar, when not upon the meridian. And that his book 
might be the better underſtood by beginners, in this edition is ſubjoined a 
tranſlation of. the above- mentioned Zamorano's Compendium ; he correct- 
ing ſome miſtakes in the original, and adding a large table of the variation 


of the compaſs obſerved in very different parts of the world, to ſhey it 


is not occaſioned by any magnetical pole. | 

This excellent perſon was allowed fifty pounds a year (no inconſi- 
derable ſum at that time) by the Ea/? India Company, for reading a 
lecture of navigation; he alſo projected the conveying water to London, 


but was prevented from executing his ſcheme by deſigning men, which 


is frequently the caſe. Whilſt he led a ſtudious and retired life, his repu- 


tation was ſo far known, that Queen Elizabeth granted, in 1589, a dif- 
penſation for his abſence from the univerſity, in order to accompany the 
Earl of Cumberland in the expedition to the Azores; as I am informed by 


— i „ 


% 


* In 1657 a 3d edition was publiſhed by Mr. Jeſeph Moxen, where the de- 
dication is unadviſedly left out, and at the end is added by the editor the 
above mentioned Haven finding Art, as alſo Wright's univorſal map, improved 
by the diſcoveries made ſince his time. | 


7 2, Sir 
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_ Hiſt, de l Acad. Royale des Sciences, An. 1753, P. 275. 


Sir James Burrough, Maſter of Cavs College, whoſe fine taſte. in archi. 
teQure, part of the new buildings in Cambridge ſhew, they rendering the 
reſt of thoſe buildings a diſgrace to that famous ſeat of learning, which 
has produced many great men, as, ( to mention here only. mathematicians) 
Wright, Briggs, Ougbtred, Dr. Pell, Feſter, Horrox, Bainbridge, Biſhop 
Ward, Dr. Wallis, Dr. Barrege, Rooke, Sir Jſaac Newton, Cotes, and 


Dr. Brook Taylor. 


. Wright's improvements on Mercatar's chart became ſoon known 
In 1608 were publiſhed the Hypemnemata Mathematica of the above. 
mentioned Simon Stevin, compoſed for the uſe of Prince Maurice. In 
the part concerning navigation, the author, having treated of ſailing on 
a great circle, and ſhewn how to draw mechanically the rhumbs on a 
globe, ſets down Wrigbt's two tables of latitudes and of rhumbs, in or- 
der to deſcribe thoſe lines more accurately; and in an Appendix he com- 
mends Hues, ſhews a miſtake committed by. Nonivs in relation to the 


rhumbs, and pretends to have diſcovered an error in F/right's latter table; 
but Fright himſelf, in the ſecond edition of his book, has fully anſwered 


all Stevin's objections, demonſtrating that they aroſe from his groſs way 
of calculating. | IIS | | 
And in 1624 the learned Willebrordus Snellius, Profeſſor of the Mathe- 
matics at Leyden, publiſhed his Typhzs Batavus *, a treatiſe of navigation 
on Wright's plan, written ſomewhat obſcurely. In the introduction are 


praiſed Nonius, Mercator, Stevin, Hues, and Wright. But ſince what 


had been performed by our artiſts on this ſubject, is not there particu. 
larly declared, as are the improvements made by the others; it has hap- 
pened that ſome have attributed Wrigbi's principal diſcovery to this au- 
thor. Thus Albert Girard, who, in 1634, publiſhed a French tranſlation 
of Stevin's. Works with notes, in one of them obſerves, that Snellius had 
calculated, what he calls, Talulæ Canonice Parallelorum, to minutes as 
far as 70 degrees; whereas Wrigbt had ſet forth in 1610 ſuch a table fo 
calculated to 89 degrees 59. minutes; notwithſtanding which M. 4: 
Lagni, in the Memoirs of _ Academy of Sciences at Paris for 
3703, treating of the Corrected Chart, ſays, c Willebrord Snellins gui 
en el Pinventeur. But the French writers now acknowledge our coun- 


tryman to have been its author T. | 
"  Snellius was followed in Holland by Adrian Metius, in a treatiſe, in- 


titled, Primum Mobile, printed at Amſterdam, in 1631; and in France by 
the learned Peter Herigone, in his Curſus Mathematicus, where, in the de- 


dication of the fourth tome to the Marſhal Baſſompire, the author ſays, 
Artem navigandi in cenſu Mathematices non repoſuere plerique naſirum, neque 


fant in hunc ordinem aſcribi meruit, quandiu cœcd tantùm nautarum praxt 
celebrata eft ; nunc vero cum inventis tabulis loxodromicis ¶ quas nos primum 


Gallis exhibemus ) formam certam firmaſque leges acceperit fine injurid omitti 
non poteſt. But to return to our countrymen. . 


— "LR 
— 


—— — 


In 1617 had been publiſhed his Eratoftenes Batavus, where is given a 
account of his meaturing the earth. 2 

+ c'eſt gu on appelie les cartes reduites, invention admirable, di la quella 
en et redevable a Edouard Wright, quoigu*on P ait fervent atnidhuls — ax 


Mr. 


r NAVIGATION. - wü 


Mr. Wright; in the 12th chapter, having ſhewn how to find the place 
df a ſhip on his chart, obſerved, the ſame might be performed more ac- 
curately by calculation; but conſidering, as he ſays, that the latitudes, 
and eſpecially the courſes at ſea, could not be determined ſo preciſely, he 
forbore ſetting down particulat examples; as the mariner may be al- 


Jowed to ſave himſelf this trouble, and only mark out upon his chart, 


when truly conſtructed, the ſhip's way after the manner then uſually 
e So 4 ! 8 

l However, in 1614 *, Mr. Raphe Handſon, among his nautical queſ- 
tions ſubjoined to a. tranſlation of Pztiſcus's Trigonometry, ſolved very 
diſtinctly every caſe of navigation, by applying arithmetical calculations 


to Wright's table of latitudes, or of meridional parts, as it hath ſince been 


called. 


* 


And beſides, though the method Wright diſcovered for determining the 


change of longitude by a ſhip ſailing on a rhumb, is the adequate means 


of performing itz Handſen propoſed two ways of approximation for that 
purpoſe, without the aſſiſtance of Wright's diviſion of the meridian line. 


The firſt was computed by the arithmetical mean between the co-ſines 
of both latitudes z the other by the ſame mean between their ſecants, as 
an alternative, when Wrigbt's book was not at hand, though this latter is 
wider from the truth than the firſt ; and farther he ſhewed by the afore- 
Taid calculations, how much each of theſe compendiums deviates from the 
truth, and alſo how erroneouſly the computations on the principles of the 
plain chart differ from them all. N 3 

There is another method of approximation, by what is called The 
Middle Latitude +, which, though it errs more than that by the arithme- 
tical mean between the co- ſines; yet being leſs operoſe, is that generally 
uſed by our ſailors ; notwithſtanding the arithmetical mean between the 


logarithmic co- ſines, equivalent to the geometrical mean between the co- 


ines themſelves, had been ſince propofed by Mr, Fobn Baſſat t, which in 


high latitudes is ſomewhat preferable. | 


The computation by the middle latitude, will always fall ſhort of the 
true change of longitude ; that, by the geometrical mean, will always. 


exceed-; but that, by the arithmetical mean, fall ſhort in latitudes above 
45 degrees, and exceed in leſſer latitudes, However, none of theſe me- 
thods, when the change in latitude is ſufficiently ſmall, will deviate 
greatly from the real change in longitude. | 


About this time logarithms | began to be introduced into the practice 


of the mathematics ; and as they are of excellent uſe in the art &f navi- 
gation, we ſhall here ſay ſomething about their original. 


Theſe were invented by John Napier, Baron of Marchiſtoun in Scot- 


15 


It was reprinted in 1630. | 

+ Gunter's works, firſt printed in 1623. 3 ? | | 
t About 1630, in a dialogue which was publiſhed after the author's death, 
in an Appendix to the Pathway io perfect Sailing. Baſat had been a teacher 
of navigation at Chatham, and well made out what he andertook, that a ſhip 
would return to the place it departed from, by ſailing on the ſame rhumb, 


| ö what Faller and others had maintained. At the end of this diſ- 


courſe, he applies his compendium to the three principal problems in ſailing. 


„ || The foundation of logarithms is a property of two feries'of numbers, one 


in arithmetical, the other in geometrical proportion; which property is declared 
by A4rchinzdes in his Arinariun. 4 | K 9 5 | 88 | 
Vor. I. „ | | land, 


* 


. — . 


xvii DISSERTATION ow Taz RISE, &c. 
lend, as appears from his treatiſe, intitled, Miriſici Logarithmorum Canonis 
Deſcriptis, firſt printed in 1614 . Soon after, the author communicated 
to Mr. Henry Briggs, Profeſſor of geometry at Greſham college in Lon- 
dun +, another form of logarithms z with which Mr. Briggs was fo well 
pleaſed, that he immediately ſet about computing a very large table of 
them, which he publiſhed in 1624, with his Arithmetica Logarithmica f. 
But in the mean time, as a ſpecimen, he printed in 1617 a few copies for 
thouſand natural numbers. IT 54 
\ From this table Mr. Edmund Gunter, Mr. Briggs's colleague in Aſtro- 
nomy, computed one of artificial fines and tangents to every minute of 
the quadrant, which he publiſhed in 1620, being the firſt of its kind |. 
And when he made an edition of his works three years after, both theſe 
tables were ſubjoined to his book. re 8 Fe. 
There he applied to navigation, according to Fright's table of meri- 
dional parts, as well as to other branches of the mathematics, his ad- 
mirable Ruler &, on which were inſcribed the logarithmic lines for num- 
bers, and for fines and tangents of arches. He alſo greatly improved the 
Sector ꝗ for the ſame purpoſes. And he ſhewed how to take a back ob- 


his own uſe and that of his friends, of a very ſmall one, not exceeding a 


ſervation by the croſs- ſtaff, whereby the error, ariſing from the excen- 
tricity of the eye, is avoided ; deſcribing likewiſe an inſtrument of kis 


invention, named by him a Croſs-Bow, for taking altitudes of the Sun or 
ſtars, with ſome contrivances for the more ready collecting the latitude 
from the obſervation **. | EEE q | 

The diſcoveries relating to the logarithms were carried to France b 
Mr. Edmund Wingate, who, going to Paris in 1624, publiſhed in that 


In 1619 was made, after the author's death, a ſecond edition, with his 


Farther improvements in Spherical Trigonometry, | 
+ He was in 1619 appointed by Sir Henry Saville, his profeſſor of geometry 
at Oxford. | | „ 

5 e e made an edition of this book at Tergou, in 1628, where the 
table of logarithms was continued by him to one hundred thouſand numbers, 
though the logarithms themſelves are but to ten places, whereas in Briggs 
Hook they were to fourteen. Some copies of Vlacg's tables were purchaſed 
by our bookſellers, and publiſhed at London, with an Enxgliſb explanation pre- 
miſed, dated 1631. | | e 5 n 

Vlacg alſo publiſhed, at the ſame place, in 1633, his Trigonometria Artifi- 
cialis, with tables of logarithmic ſines and tangents to every tenth ſecond of 
the quadrant. Vlacg's tables have a great reputation for their exactneſs, as 
Sherwin's firſt edition in 1706, and Gardiner's in 174%, have amongſt us. 
M. de Fontenelle, in the Hiſtory of the Academy of Sciences for 1717, com- 


mends an edition of Vlacg's ſmaller tables, made at Lyons, in 1670, as does 


M. de la Lande, in his Aſtronomy, printed at Paris, in 1764, tables publiſhed 
there in 1760. | 


'$ This Ruler is ſo conſtantly in the practice of our artiſts, that it has got 


the name of The Gunter. 


The uſes of a Sector had been ſhewn by Dr. Robert Hood, in a tract he 
publiſhed in 1598, | 


** This ingenious perſon died 1626, aged 45 years, His works have been | 


ſeveral times reprinted with ſucceſſive additions; the ſecond edition was made 
in 1636 from his own manuſcript ; then from thoſe of Mr. Samuel Forſter, Pro- 
feſſor of Aſtronomy at Ereſpam College; again by Mr; Henry Bond, and Mr. 

William Leybourn. The fulleſt and laſt, being the fifth, was in 1673. 7 
| | 5 | 7 | city 


In 1631 Mr. Richard Norwood had publiſhed an excelle 
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city two ſmall tracts in French *, and dedicated them both to Ga/ton, 
the King's only brother. In the firſt, he teaches the uſe of Gunter*s . 
Ruler, and in the other, of the tables of logarithms and artificial fines and 
tangents, as modelled according to Napzer's laſt form, attributed by Vina 


gate to Briggs, which. is a miſtake; as appears from the dedication of 
Napier's Rabdalogia, printed in 1616, and from what Mr. Briggs himſelf 
| ſaid in the preface of his Hrithmetica Logarithmica, | | 


The Reverend Mr. William Oughtred projected this Ruler into a cir- 
cular arch, ſhewing fully its uſes in a treatiſe firſt printed in 1633, 


intitled, The Creles of Proportion; where, in an Appendix, are well 


handled ſeveral important points in navigation. It has been made in 
the form of a Sliding Ruler. See Seth Partridge's uſe of the double ſcale 
in 16655 15 | : | 

As by the logarithmic tables all trigonometrical calculations are great= 


y facilitated; fo the firſt author, who, I find, has applied them to the 


caſes of ſailing, was Mr. Thomas Addiſon, in his treatiſe, intitled, Arith- 
metical Nauigation, printed in 1625. He allo gives. two traverſe tables 
with their uſes, the one to quarter points of the compaſs, the other to 


degrees. E 

Mr. Henry Gellibrand, Mr. Gunter's ſucceſſor at Greſham College, 
publiſhed his diſcovery of the changes in the variation of the compaſs in 
a (mall quarto pamphlet, intitled, I Diſcourſe Mathematical on the Varia- 
tion of the Magnetical Needle, printed in 1635. This extraordinary phe- 
nomenon he found out by comparing the obſervations made at different 


times near the ſame place by Mr. Burrough, Mr. Gunter, and himſelf, 
all perſons of great ſkill and experience in theſe matters. And this diſ- 


covery was ſoon known abroad +, for father Athanaſius Kircher, in his 
treatiſe intitled Magnes, firſt printed at Rome in 1641, ſays our country- 
man Mr. Jahn Greaves had informed him of it, and then gives a letter of 
the famous Marinus Merſennus, containing a very diſtin account thereof. 
Gellibrand had been famous for the part he bore in the Trigonometria 
Britannica of his deceaſed friend Mr. Briggs, which was printed in 1633, 
at Tergou, under the care of Adrian Vlacq. Gellikrand alſo, in 1635, 
publiſhed in Engliſb an Inſtitution Trigonometricall, * | | 
nt treatiſe of 
Trigonometry, adapted to the invention of logarithms, particularly in ap- 
plying Napier's general canons f. The author having, as he fays, ac- . 
quired his knowledge in the mathematics at ſea 5, eſpecially ſhewed 
the uſe of triganometry in the three principal kinds of navigation. And 
toward the farther improvement of that art, he undertook a laborious 
work for examining the diviſion of the log-line. 


S O'S 
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* Theſe were afterwards printed at London, in Englifp, with improvements. 
+ In the Hiſtory of the Royal Academy of Sciences at Paris for 1712, p. 19, 
it is faid by M. de Fontenelle, that the learned Peter Gaſſendi was the principal 
diſcoverer of this property; but Gaſſendi himſelf acknowledged that he had 
before received information of Gellibrandꝰ's diſcoveries. Gaſſend. Oper. vol, ii. 
p. 152, Ludg. 1658, | 3 5 

1 A very advantageous report of it was made by M. Mariolte, at a meeting, 


in 1668, of the Academy. Du Hamel, Hiſt. Acad. Scient. p. 81. 1701. 


From a failor he became a teacher, ſtyling himſelf befere his books, A 
Reader of the Mathematics in London. | 
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As altitudes of the Sun are taken on ſhip-board, by obſerving his ele- 
vation above the viſible horizon; to collect from thence the Sun's true 


altitude with correctneſs, Wright obſerves it to be neceſſary, that the 

dip of the horizon below the obſerver's eye ſhould be brought into the 
account, which cannot be calculated without knowing the magnitude 
of the earth. - Hence he was led to propoſe different methods for findin 


this; but complains, that the moſt effectual was out of his power 0 


execute; and therefore contented himſelf with a rude attempt, in ſome 
meaſure ſufficient for his purpoſe: and the dimenſions of the Earth de- 
duced by him correſponded ſo well with the uſual diviſions of the log. 
line, that as he wrote not an expreſs treatiſe on navigation, but only for 
the correcting ſuch errors as prevailed in general practice, the log-line 
did not fall under his notice. But Mr. Norwood, for regulating this in- 
ſtrument upon genuine principles, put in execution the method Mr, 


| 4 recommends, as the moſt perfect for meaſuring the dimenſion of 


the Earth, with the true length of the degrees of a great circle upon it; 


and, in 1635, actually meaſured the diſtance between London and York ; 


- 


been made ſince that time. | * 
Of this affair Mr. Norwood gives a full and clear account in his trea- 


from whence, and the ſummer-ſolſtitial altitudes of the Sun obſerved on 
the meridian at both places, he found a degree on a great circle of the 
Earth to contain 367196 Engliſh feet, equal to 57300 French fathoms or 
toiſes, which is very exact; as appears from many meaſures, that have 


tiſe, called The Seaman's Practice, firſt publiſhed in 1637. There, with 
unaffected modeſty, he apologizes for the hardineſs of a private perſon's 


_ undertaking ſo difficult a taſk ; and very cautiouſly points out the true 


Treaſon, how ſo great a mathematician as Snellius had failed in his at- 
tempt. He alſo thews various uſes of his diſcovery, particularly for cor- 
recting the groſs errors hitherto committed in the diviſions of the log-line, 
But ſuch neceſſary amendments have been little attended to by the, ſailors, 
whofe obſtinacy in adhering to inveterate miſtakes has been always 


_ complained of by the beſt writers on navigation. This improvement has 


at length, however, made its way into practice? few navigators. of repu- 
tation uſing now the old meaſure of 42 feet to a knot. 


Farther, Mr. Norwood likewiſe there deſcribes his own excellent me- 


thod of ſetting down and perfecting a Sea- Reckoning, uſing a traverſe- 


tavle, which method he had followed and taught for many years ; and 
beſides, ſhews how to rectify the courſe, by the variation of the compaſs 
being conſideted; as alſo how to diſcover currents, and to make proper 
allowance on their account. tt ; 

T his treatiſe, and that of Trigonometry, were continually reprinted, as 
the principal books for learning ſcientifically the art of Navigation. What 
he had delivered, eſpecially in the latter of them, concerning this ſub- 


ject, was contracted as a manual for ſailors, in a very ſmall piece, called 


his Epitome, which uſeful 


S performance has gone through numberleſs 
editions. — ä | | 


No alterations were ever made in The Seaman's Practice, tillSa the 12th 


edition, printed in 1676, after the author's deceaſe, there began to be 
inſerted, at page 59, the following paragraph in a ſmaller character 
{ About the year 1672, Morficur Picart has publiſhed an account in French, 
eoncerning the — a of the Earth, a breviate whereof may be ſeen in the 


Philoſophical 
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Philoſophical Tranſactions, Ne 112, wherein he concludes one degree to 
contain 365184 Engliſh feet, nearly agreeing to Mr. Norwood's experi- 
ment,] And this advertiſement is continued in the ſubſequent editions, 
as I find it in one printed ſo lately as 1732. | 


Nerwod's meaſure, therefore, though it was not known to the great 
Sir [ſaac Newton in his youth, was not buried in oblivion, on account of 
the confuſions occaſioned by our civil wars, as M. de Voltaire has been 
pleaſed to ſay *; on the contrary, it has been conſtantly commended by 
our writers on navigation: as by Mr. Henry Bond, ſoon after its pub- 
lication, in a note at page 107 of the Seaman's Kalendar, whieh ancient 
book he reprinted and improved, whoſe uſe, through numberleſs editions, 
is continued amongſt our failors to this day; by Mr. Henry Phillips in 
his Geometrical Seaman'in 1652, and in his Advancement of Navigation in 
1657 ; by Mr. John Collins in his Navigation by the Plane Scale, in 1659 3 
by the reverend Dr. John Newton in his Mathematical Elements, in 1660 
Mr. Fohn Seller in his Practical Navigation, in 1669; Mr. Jehn Brown 
in his Triangular Quadrant, in 1671, I 

And in the Philaſophical Tranſactions for 1676, Ne 126, there is given 
a very particular account of it. Nor. had it eſcaped the royal notice 


for when King James in 1690, honoured the obſervatory at Paris with a 


viſit, he informed the gentlemen, then preſent, of this meaſure of the 
Earth; and upon their acquainting his Majeſty how that had been de- 
termined by Mr. Picard, the King wiſhed the two meaſures might be 
compared together 7. 2 . 

But that it was not commonly known in France is no wonder, ſeeing 
our books were not then ſo much inquired after as at preſent by that polite 
and learned people. 2 | CE = 
In 2 des Sgavans for December 1666, it was obſerved of Dr. 
Horke's Micrographia, qu'il eft tcrit en une langue que peu de perſonnes 
entendent ; but long after, in the ſame Journal for Feoruary 1750, it is 
faid of the Engliſb tongue, that it was une lang ue que tous les vrais ſavans 
drvroient ſavoir, And now, as Norwood is taken notice of in the latter 
editions of Sir Jaac Newton's Principia, his name and merit indeed are 
become univerfally known. Inſomuch that a particular account of his 
meaſure is given by M. de Maupertuis, in the preface to his Treatiſe of 
the figure of the Earth, printed at Paris in 1738; wherein he defcribes 
his method of determining the length of a degree on the Earth in Lap- 
land; and Norwzod is mentioned by two learned Spaniſh ſea officers, D. 


Forge Juan, and I. Antonio d' Ulloa, in their Voyage printed at Madrid 


in 1748, which was undertaken, as they were appointed to accompany 


the French mathematicians, ſent to meaſure a degree near the equator. 
About the year 1645 Mr. Bond publiſhed in Norwood's Epitome a very 
great improvement in FY/right's method, by a property in his meridian. 
line, whereby its diviſions are more ſcientifically affigned, than the au- 
thor himſelf was able to effect; which was from this theorem, That theſe 
diviſions are analogous to the exceſſes of the logarithmic tangents of half 
the reſpective latitudes augmented: by 4.5 degrees above the logarithm of 


the radius. | 


n 
* — 
— 


— 


Element de la Philoſephie de Newton, chap. xviii, printed at Paris in 1738. 
+ Du Hamel, Hiſt. Academ. Regal. Scient, p. 285. 
e 
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This he afterwards explained ſomewhat more fully in the third edition 
of Gunter's works, printed in 1653, where, after obſerving that the lo- 
garithmic tangents from 45 upward increaſe in the ſame manner (ag 


he expreſſes it) that the ſecants added together do, if every half degree 


be accounted as one Whole degree of Mercator's meridional line; bis 


rule for computing the meridional parts appertaining to any two latitudes 
(ſuppoſed on the ſame fide of the equator) is laid down to this effect; To 
take the logarithmic tangent, rejecting the radius, of half each latitude 


augmented by 45 degrees, and dividing the difference of thoſe. numbers 
by the logarithmic tangent of 45 307 the radius being likewiſe re- 


Jected, and the quotient will be the meridional parts required, expreſſed 


in degrees. And this rule is the immediate conſequence from the ge- 
neral theorem, That the degrees of latitude bear to 1 degree (or 60 mi- 
nutes, which. in Wright's table ſtands as the meridional parts for 1 de- 
gree) the ſame-/proportion as the logarithmic tangent of half any latitude 
augmented by 45 degrees, and the radius neglected, to the like tangent 
of half a degree augmented by 45 degrees, with the radius likewiſe re- 
: But here was farther wanting the demonſtration of this general theo- 
rem, which was at length ſupplied by that great mathematician, Mr, 
James Gregory of Aberdeen, in his Exercitationes Geometricæ, printed at 
London in 1668; and ſince more conciſely demonſtrated, together with - 
ſcientific determination of the diviſor, by Dr. Halley, in the Philoſophical 
Tranſactions for 1695, N* 219, from the conſideration of the ſpirals into 
which the rhumbs are transformed in the ſtereographic projection of the 


| ſphere upon the plane of the equinoctial; which the excellent Mr, Roger 
Cotes has rendered {till more ſimple, in his Logometrio, firſt publithed in 
the Philoſophical Tranſactions for 1714, Ne 388. 


It is moreover added in Gunter's book, that if 2 of this diviſor (which 


does not ſenſibly differ from the logarithmic tangent of 45 7 307 cur- 


tailed of the radius) be uſed, the quotient will. exhibit the meridional 
parts expreſſed in leagues : and this is the diviſor ſet down in Norwed's 
Epitome. | [ED 


After the ſame manner the meridional parts will be found in minutes, 


if the like logarithmic tangent of 45 o' 307 diminiſhed by the radius be 


taken, that is, the number uſed by others * being 12633, when the loga- 
rithmic tables conſiſt of eight places beſides the index. 

This Mr. Bond, who introduced fo uſeful a diſcovery into the art, was 
a teacher of the mathematics in London, and employed to take care of 
and improve the impreſſions cf the current treatiſes of navigation. In an 
edition of the Szaman's Kalendar, p. 103, he declared, he had diſcovered 


the longitude, by having found out the true theory of the magnetic varia- 


tion; and to gain credit to his aſſertion, he. foretold, that at London in 
1657 there would be ro variation of the compaſs, and from that time it 
would gradually increaſe the other way, which happened accordingly. 


W 


2 — 


» See Mr. Perkins's Treatiſe of Navigation in Vol. I. of Sir Jonas Moore's 


New Syſtem of the Mathematicks, p. 2C8, printed at London in 1681. Perkins's. 
book was publiſhed by itſelf the year following, under the title of the Scaman's 


Tuer. 
Again, 
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table of the variations for 49 years to come. 
This joyful news to all ſailors acquired Mr. Bond a great reputation; 
inſomuch that the treatiſe he had compoſed, called The Longitude found, 


Again, in the Philoſophical Tranſaftions for 1668, Ne 40, he publiſhed I 


was in 1676 publiſhed by the ſpecial command of King Charles the Se- 


L 


cond, and uſhered into the world with the approbation of ſeveral of the 
moſt eminent mathematicians of that time ®. 

But it was ſoon oppoſed, there _ publiſhed at Londen a book in 
1678, called The Longitude not found, written by Peter Blackborrow. 
And indeed as Bond's hopotheſis did not in any wife anſwer its author's 
ſanguine expectations, the famous Dr. Halley again undertook this affair; 
and from a multitude of obſervations he would conclude, that the mag 


_ netic needle” was influenced by four poles. His ſpeculations on this ſub- 


ject are delivered in the Philoſophical Tranſactions for 1683, Ne 148, and 
for 1692, Ne 195. But this wonderful phenomenon ſeems to have hitherto 
eluded all our reſearches, 135 
However, that excellent perſon in 1700 publiſhed a general map, on 
which were delineated curve lines expreſſing the paths, where the mag- 
netic needle had the ſame variation. This was received with univerſal 
applauſe +, as it may lead to ſome diſcovery in ſo abſtruſe an affair, and at 
preſent be uſeful on many occaſions in determining the longitude. The 
poſitions of theſe curves will indeed continually ſuffer alterations; but 
then they ſhould be corrected from time to time; as they have been 
for the year 1744, and 1756, by two ingenious perſons, Mr. William 
Mountaine and M. James Dodſon, Fellows of the Royal Society. The 
latter died not long after he had been choſen, for his merit, mathematical 


. maſter, at Chriſt's Hoſpital, in London. 


Dr. Halley ' alſo gave, in the Philoſophical Tranſa&ions for 1690, 
Ne 183, a differtation on the monſoens, containing many obſerva- 
con very uſeful for all ſuch as fail to places that are ſubject to thoſe 
winds, *s 5 | 

The true principles of navigation having been ſettled by Fright, 
Norwood, and Bond, many authors amongſt us trod in their ſteps, ma- 
ing ſome little improvements. It would be impoſſible to enumerate each 
particular, Of the writers already mentioned, Phillips and Collins, in 


the title pages of their books, declare what they aimed at; Phillips alſo, 


in his tract called the Advancement of Navigation, recommends a pen- 
dulum inſtead of a half minute glaſs, to eſtimate the time the log-line is 
running out. He alſo propofes to do the ſame thing by wheel-work. 
Beſides, in the Philoſophical Tranſactions for 1668, Ne 34, he delivers a 
better method to determine the tides by than what was commonly practiſed; 
for which purpoſe Mr. John Flamſfeed, the Royal Aſtronomer, ſtill gave 


more perfect directions in the ſame Tranſactions for 1683, Ne 143; as 


* In the Ppilgſaphical Tranſactions for the ſame year, No 130, it is ſaid, the 
Lord Brounkcr's name was inſerted by miſtake. * 
| + It is particularly commended in the Hiſtory and Memoirs of the/ Royal 
Academy of Sciences at Paris, for the year 1701, 1705, 1706, 1708, and 
1710. See allo Mr. Robins's Reflections in his Introduction to Lord An/on's 
Voyage round the World, made in 1743, &c. as alfo in the ninth chapter of 


the firlt book, and eighth of the third. | | 


b4 | | likewiſe 
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| likewiſe he firſt ordered a glaſs lens to be fixed on the ſhade yane, in, 
what is called Davis's quadrant “, which contrivance Dr. Robert Hoof, , 


Profeſſor of Geometry at Greſham College, had before thought of +. 


Seller's Practical Navigation, though without demonſtrations; has; the 
rules of ſailing in the different kinds, as performed by calculation, by the 
plane ſcale, by the Gunter, and by the ſinical quadrant, with various other 


matters relative to the art; as alſo the uſe of the. azimuth- compaſs as 


now modelled, the ring- dial, the ſea- ring, eroſs - ſtaff, Davis's quadrant, 
plough, nocturnal, inclinatory needle and globe, together with all the ne- 
ceſſery tables; the whole being delivered in a manner fo well adapted to 
the. general humour cf mariners, that it has, undergone numberleſs edi- 
tions: the laſt, J have ſeen, was in 1739; but ſome late writers ſeem to 


have abated the run of this book. - 


As in failing eſpecial regard ought to be had to the lee-way a ſhip 


makes, ſo many authors have touched upon this point; but the allow- 


ances uſually made on that account are very particularly ſet down by Mr. 
Jobn Buckler, and publiſhed in a ſmall tract firſt printed in I702, intitled, 
A New Cempendium of the whole Art of Navigation, written by Mr. 


William Jones. : 


We. ought not here to paſs over in ſilence the very uſeful invention of 
Dr. Gowin Knight, which is the making artificzal megnets, that are of 
greater efficacy than the natural ones. Though the Doctor has not 


thought fit to reveal his ſecret ; yet others have found it out, who have 
made it public, particularly the Rev. Fohn Mitchel, and Mr. John Can- 
ton; the firſt in a treatiſe of Artificial Magnets, printed in 1750; the 
other in the Philoſophical Tranſactions, vol. XDVII. Ann. 1751. 5 


The Earth being now univerſally agreed to be not a perfect globe, but 


a ſpheriod, whoſe diameter at the poles is ſhorter than any other; the 
Rev. Dr. Patrick Murdoch publiſhed a tract in 1741, where he f ccom+ 


modated Wiright's failing to ſuch a figure; and Mr. Colin Maclaurin, the 


| fame year, in the Philoſophical Tranſactions, Ne 461, gave a rule to de- 

termine the meridional parts of a ſpheriod, which ſpeculation he farther 
treats of in his book of Fluxions, printed at Edinburgh, in 1742. 

Though Sir //cac Newton in his Principia, firſt printed in 1686, had 

_ demor.ſtrated from the theory of gravity, that this muſt be the real form 

of the Earth, as it revolved about an axis; yet in the year 1718 M. Ca 


Jini again ? undertook from cbſervations to ſhew the contrary, and that 


the Earth was a ſpheroid, having its longeſt diameter paſſing through its 


. Poles &; and in 1720 M. de Mairan advanced arguments, ſuppoſed to be 
ſtrengthened by geometrical demonſtrations, to confirm farther M. ( 


ſini's aſſertion, But in the Philo/ophical Tran ſactions for 1725, Ne 386, 


See the above-mentioned Pcrhins's Navigation, page 2 Os. £23425 . 
+ See Biſtop Themas Sprai's excellent Hiſtory of the Royal Society in 
1667, page 240; ard Hcck's Poſthumous Works, publiſhed by Richard Waller, 


Eſ3. in 1705, p. £57. N 5 | 

I In the Memoirs of the Razal Academy of Sciences at Paris, his father 
in 1241» and he in 1713, atiempted to prove the Earth was an oblong ſphe- 
roid. | SI | | 


SMM. Je bn Bes nauilli in bis F ai dune Neuvelle Plrfique Celcſte, printed at 


Pais in 1735, triumphs ever Sir J/cac Newien ; vainly imagining. theſe pre- 
car cus cblervations cuuld invalidate what Sir Zacc had demonſtrated. 


75 
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397 388, Dt. Pgagult publiſheil a diſſertation, wherein he made ap- 
ear the weakneſs of the reaſoning, and the inſufficiency of the obſerva- 
tions, as they were managed, to ſettle ſo nice an affair. He there alſo 
propoſed a proper method for adjufting this point, when he ſays, F any 
conſequence of this kind could be drnon from actual meaſuring, à degree of 
 Itfitiide ſhould be meaſured at the equdtor, and a degree-of longitude likewiſe 
meaſured there; and à degree very northerly ; as, for example, a whole degree 
might be aftually meaſured upon the Baltic ſea, when frozen, in the latitude 
of fixty degrees. There, according to M. Caſſini's laft ſuppoſition, a degree 
would be 566 5 3 toiſes ; whereas at the equator it would be of 58019 toiſes, > 

the difference-being 1366 toiſes, about the tw3-and-fortieth part of a degree, 
which muſt be ſenſible; and likewiſe the degree of longitude would, according 
to him, be of 56817 toiſes, leſs by 1202, or the forty-eighth part, than a degree 


s 4 


ef latitude at the lame place. | 1b 
On this admonition, in 1735, there were ſent from France two ſets of 
mathematicians, members of the Royal Academy of Sciences; one to- 
wards the pole, the other to the equator, in order to meaſure, at each 
place, the length of a degree on the meiidian. The report they brought 
home, quite overſet what had been urged in favour of the oblong figure; 
a degree towards the north, in the latitude of 66a 20”, being found to con- 
tain about 57438 toiſes, and near the equater but 56750. 19,89 Yek; 3 
This unwelcome news cauſed a degree to be again meaſured in France, 
which at length came out to be conſonant with thoſe which had been 
brought from very diftant parts of the world. Thus theſe mathemati- 
cians confirmed by painful obfervations, what Sir Jae Newton had, as 
M. de Maupertuis uſed to ſay, determined in his eib6w-chair ; Sir Iſaac 
making the length of a degree under the pole to be 57382, and at the 
equator 56637 toiſes. And perhaps no obſervations can be exact enough 
to determine; this matter. more preciſely, ß. bean 
But let us mention ſome of the foreign writers on navigation. 
At Rome, in 1607,' came forth a treatife, intitled, Nautica Mediterra- 
nea, written in Italian by Bartolemew Creſcenti, the Pope's engineer. 
The author miſſes no opportunity of expoſing the errors of Medina; but 
ſcarce gives any thing of his own, except a machine for meaſuring the 
e mage OE 77: Mott SASSY A e 
As the Jeſuits have treated of moſt branches of learning, ſo this art has 
not been beneath their conſideration ; the three following authors having 


been of their ſociety. | 
At Paris, in 1642, Father George Fournier, publiſhed an Hydrograp hy, 
principally relating to navigation. The author would perſuade us, that 
one of Dieppe had corrected the plane chart; and that the Hollanders 
learnt of the French the making charts ſo corrected; whereas this had been 
engraved long before at Amſterdam, by Iodocus Hondius, and others. 
John Baptift Riccioli, in his Geographia & Hydrographia Reformata, 
printed at Bologna in 1661, inſerts a treatiſe of navigation, collecting his 
materials from almoſt every writer, as he does in his Amagęſt and Chreng- 
ly, which is indeed the chief merit of his works. 

Father Millet Dechalles wrote on this ſubject after a more maſterly 
manner, both in his Czrſus Mathematicus, firſt printed at Lyons in 1674, 
and in a French treatiſe, publiſhed in 1677, intitled L'Art de Naviger de- 
mantre par Principes. e 5 1% 40% * 
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Theſe three authors, beſides treating of the different kinds of ſaili 
abound in methods for taking of es ging dhe 1285 per 
eſtimating the way a ſhip makes, &. They alſo deſcribe a machine re- 
ſembling that of Creſcenti. Riccioli gives a very faulty meaſure of the 
Earth, made by himſelf; and Dechalles adviſes the uſe of a pendulum in 
reckoning by the log-line, as alſo of wheel-work for the ſame purpole, a 
Phillips and Cole had done. re DE per 
But there were writers in France between Fournier and Dechalles, For 
in 1666, and the following years, there were printed at 11 ſeveral 
tracts handling different parts of navigation, compoſed by M. G. Denys, 
which have been often reprinted. 5 | ET | 
And in 1671 the Sieur Blondel S. Aubin publiſhed a book called, 
L' Art de Naviger par le Quartier de Reduction, deſcribing an inftrument * 
much in uſe amongſt the French ſailors, by which may be performed, as 
by the finical quadrant, the operations of navigation, though not much 
more ſpeedily than by the traverſe table, and not at all ſo accurately, 
 He:alſo publiſhed in 1673 his Treſor de la Navigation, where the art is 
well treated of, particularly by calculations. | 5 | 
M. Saverien, in his Marine. Dictionary, printed at Paris in 1 758, ſays, 
that M. Daſſier ſeems to have been the firſt of the French writers that 
ſhewed the uſe of Gunter's ſcales { fchelles Angloiſes] in his Pilote expert, 
printed in 1683. i grate TL bo 
At Paris, ten years after, was publiſhed the firſt part of a pompous 
work, intitled, Le Neptune Frangois, by order of the French king, con- 
fiſting of ſea-charts, according to ot: 's ſcheme, made from the lateſt 
obſervations, and reviewed by Meſſ. Pene, Caſſini, and others. As this. 
contained the charts of Europe only, there were added others of different 
parts of the world, printed the ſame year at /m/lerdam. The whole was 
preceded by a diſcourſe of M. Sauveur, who had formed ſome 'of the 
charts, where he ſhews how to perform the problems of aſtronomy and 
navigation by ſcales z whicli diſcourſe had been publiſhed by ite at 
Paris, in 1692. | „5 | 
M. John Bouguer compoſed, by authority, his Traite Complet de Ia Na- 
vigation, firſt printed in 1698, which was well received, as containing 
moſt of the practices then known; and Father P#zenas, Jeſuit and Royal 
Profeſſor of Hydrography at Marſeilles, publiſhed there, in 1733, a tract, 
called, Elemens de Pilotage; and at Avignon, in 1741, a larger work, in- 
titled, Pradtique du Piiotage. T his author ſhews how to find the meri- 
dional parts by the Artificial Tangents, an old diſcovery amongſt us, de- 
clared ſo long ago as 1645, in Norwood's Epitome; he alſo has been in- 
duſtrious in tranſlating ſeveral of our mathematical books into French. 
But in 1753 M. Peter Bouguer, ſon of the former, publiſhed a very 
elaborate treatiſe on this ſubject, intitled, NouBeau Trait de Navigation, 
which is written ſenſibly, the author being an excellent mathematician, 
and famous for other productions. He there. gives a variation-compaſs + 


* 


7 


* It is only a kind of ſkeleton of Wright's univerſal map. | 
+ Many of theſe ſorts of compaſſes have been propoſed at different times, 
as by M. Buache, in the Memoirs of the French Academy of Sciences for 
1752, page 377; Captain Chriſopher Middleton, in the Philoſophical Tranſ- 
actions, N* 450, Ann. 1738; and Dr. Knight, as improved by the ingenious 
Mr. Jobn Smeaton, ibid. No 495, Ann. 1750. | 3 8 
| of 
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olf his own invention, and attempts to reform the log, as he had done in 


the Memoirs of the Academy of Sciences for 1747. He is alſo very 


mon methods, and in deſcribing the corrections of the dead reckoning. 
The excellent aſtronomer, M. de la Caille, in 1760, made an edition of 
M. Bouguer's book, which he ſomewhat abridged and improved. 

In 1766, came out at Paris a treatiſe, with this title, Mreg du Pi- 
htage drviſe en deux parties, ou on traite principalement des Amplitudes, des 
Loxodromies, dans hypotheſe de la Sphere et de Spheroide, des martes, des 
variations de Paiman. | e 

The former part of this book was firſt publiſhed in 1693. Here the 
whole is improved by M. le Adonneer. ENTS LES. 

Though the Spaniards were the earlieſt writers on navigation, yet they 
were very backward to adopt its improvements. Indeed Antonio de Naie- 
ra "ubliſhed at Liſbon, in 1628, a treatiſe, intitled, Nævegacion eſpecula- 
tiva y practica; where, though the author rectifies the tables of the Sun 
and fixed ſtars, from Tycho Brahe's obſervations, he proceeds no farther 


in the theory of navigation than what had been advanced by Nanius, as 


followed by Ceſpedes. But of late, in 1712, was printed at the fame place, 


Arte de Navegar por Manuel Pimental; where is ſhewn the uſe of Wrigbi's 


chart, which, in imitation of the French, the author calls Charta Redu- 
zida. He likewiſe deſcribes Davis's quadrant, and mentions Norwoed 
and Picard's meaſures of the Earth. In 1757 a treatiſe was printed at 
Cadiz, intitled, Compendio de Navigacion para el uſo de los Cavelleres 


Guardias Marinas, written by the ingenious gentleman mentioned above, 


Don Forge Juan. This is a good performance, delivering very diſtinctly 


the ſeveral parts of the art, as now improved. Some things are here 


omitted, that uſually occur in books on this ſubject ; but for the know- | 


ledge of ſuch-particulars, references are made to tracts compoſed expreſly 
for the uſe of the ſociety of gentlemen, deſtined for the ſea-ſervice. | 
Bouguer and Forge Juan, deſcribe and commend the method of divid- 
ing inſtruments for taking of angles, publiſhed by Peter Vernier, in a 
treatiſe, intitled, La Conſtruction, Ic. du quadrant nouveau, printed at 
Bruſſels, in 1631. This diviſion is an improvement of that of Curtius, 
as that of Fererius is of the diviſion by diagonals &, and readily folloys 
from the firſt Lemma of Clauius's treatiſe on the Atrolabe 4, as has been 
Obſerved by Płzenas in a book he publiſhed at Avignon in 1765, intitled, 
Aftronomie des Marins. | | 
As to thoſe who have treated of F/r:ght's chart, I mentioned above Snel- 
lus and Metius. To an edition, in 1665, of Vlacg's ſmall tables of loga- 
rithms, &c. is added, by Abraham de Gruel, one of the meridional parts, 
whoſe ule he ſhews, with other parts of navigation, in his Courſe of Ma- 


| thematics, written in Dutch, and printed at Am/terdam in 1676: the fame 
was done by John Viret, in his Flambeau reluiſſant on Threſor de la Na- 


vigation, at the ſame place, in 1677. 3 
The Dutch are great navigators, and have been famous for their At- 
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* See Mr. Robins's Mathematical Tracts, where theſe diviſions are largely 


treated of. : 


+ Firſt printed at Rome in 1693. | 
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particular in determining the lunations more accurately than by the com- 
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laſſes, before which are 
ready obſerved. The oldeſt I have ſeen of theſe, was publiſhed at Leyden 

in 1584, intitled, Spiegel der Zee-Vaert (or Mirror of Navigation,) by 

Lucas Fanſæ Waghenaer. In their later Atlaſſes there is defcribed an in- 
ſtrument do be uſed after the manner of Davis's quadrant, but where in. 

ſtead of circular arches are ſubſtituted ſtraight lines. PTHQFIAND. e 


_ Notwithſtanding all the improvements hitherto mentioned, the % 8 


fſieckonings, though kept by ſuch as were deemed very ſkilful mariners, 
are often found widely different from the truth. But this often happens 
through negligence, as I have heard Dr. Halley, who had uſed the 
er: - - ne Tos roots 
Thee errors would be avoided, if from time to time the latitude and 


Jongitude could be determined. The firſt is generally obtained by the 


meridian altitude and declination of the Sun being given. The declina- 
operation. 5 | | 
But even the latitude could not be very exact, before the famous Kepler 
had determined the true form of the Earth's orbit . Hence were fabri- 
cared his Tabulæ Rudolphinæ. Next, thoſe of Mr. Thomas Street were 
in great requeſt +. But they, in their turn, yielded to Dr. Helley's, and 
his again to thoſe of the accurate and elaborate Mayen; which, however, 
will want to be corrected hereafter : For, as Sir [aac Netoten has ſhewn, 
that all bodies mutually attract one another, the Earth will be diſturbed 
in its motion by the actions of ſome of the other planets 
To find the longitude is a much more difficult affair. For this end, at 
preſent, the ſocieties of learned men in Europe offer from time to time re- 
wards to ſuch as ſhall beſt treat of particular ſubjects in mathematics or 
phyſicks. Some of theſe have been relating to navigation, when Polleni, 
Bernouilli, Bouguer, and others, have obtained the prizes. And it is hoped, 


is inſtitution may contribute to the advancement of the art. 


Eclipſes of the Moon were uſed of old; and Kepler recommended thoſe 


of the Sun as preferable |. i 55 
The ſatellites of Jupiter were no ſooner diſcovered by the great Gal- 


leo, than the frequency of their eclipſes recommended them for this 


| purpoſe ; and amongſt thuſe who attempted this ſubject, none were more 
ſucceſsful than Signor Dominic Caſſini. | „ 

Ihis great aſtrozomer in 1688 publiſhed at Bologna tables for calcur 

lating the appearances of their eclipſes, with directions for finding thence 


the longitudes of places; and being invited to France by Lewis the Four- 


teenth, he there publiſhed correcter tables in 1693. But the mutual at- 


trations of the ſatellites on one another rendering their motions excel- 


| fively irregular, the tables ſoon run out; infomuch that they require to 
be renewed from time to time, which has been. performed by ingenious 
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In his treatiſe de Motu Marlis, in 160g. 

+ In his 47ronemia Carolina, in 1661, | 
| *Zabule Rudelph. printed at Ulm in 1627, cap. xvi. & xxxiiz. 
o In his Sycderens Nuncius, firſt printed at Venice in 1610. 


perſons 


remiſed treatiſes of navigation, as has been al- 


tion is got by the help of tables of the Sun, with an eaſy trigonometrical 
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perſons, as Dr. James Pound, Dr. James Bradley*, M. Caſſini the ſon, and 
M. Peter Wargentin+ ; ſo that now many of the common Almanacs ſet 
down, when theſe eclipſes happen throughout the yea. 
The Rev. New! Maſtelyne, D. D. our preſent Royal Aſtronomer, has 
publiſhed annually, ſince pv? ary 1767, by order of the Commiſſioners 
of Longitude, a work entitled, The Nautical Almanac and Aftronomical 
Ephemeris, containing not only the eclipſes of the ſatellites, but alſo 
many other tables, to enable the mariner to determine the longitude at 
ſea ; particularly tables of the diſtances which the Moon's center will have 
from that of the Sun, and from fixed ſtars, at every three hours, under 
the meridian of the Royal Obſervatory at Greenwich, and which have 
fince been copied into the Connoiſance des Temps for theſe latter years by 
the editor of that work, . : | TT 
The large reward granted by the Parliament for a practical way of 
diſcovering the longitude at ſea, has put many upon the ſearch: inſo- 
much that ſeveral idle and abſurd ſchemes have been offered by ignorant 
and wrong- headed men. But the perfecting the methods propoſed. long 
ago by John Werner and Gemma Friſius, ſeems at preſent to engage the 
attention of the public. | 7 r 
The theory of the Moon, though much amended by the noble Tyche 
Brahe and Mr. Jeremy Horrox 4, was found to be inſufficient to anſwer 
this end. But the cauſes of her various irregularities having been diſ- 
covered by Sir 1ſaac Newton, and her theory thence improved beyond ex- 
pectation, gave great hopes of ſucceſs: which have ſince been bappily 
fulfilled by means of the improvements which. have ſince been made in 
the methods of computing the ſeveral quantities of theſe inequalities by 
M. Euler, and Tobias Mayer of Gottingen $: The former of theſe gen - 
tlemen having been happy in reducing Sir aac Newton's theory into neat 
analytical expreſſions, of which the. latcer availing himſelf, was, by a very 
fingular addreſs of his on, enabled to bring out the greateſt quantities 
of the equations with eaſe and exactneſs, and thence to conſtruct tables 
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* He ſucceeded Dr. Halley at Greenwich, where he made a great number 
of Aſtronomical Obſervations, which, as they are moſt accurate, it is hoped 
will not be loſt. He became famous on obſerving and accounting for an 
apparent motion in the fixed firs, and called their aberration, which was 
immediately exhibited by the great mathematician Dr. Broot Taylor accord- 
ing to the exact theory of the Earth's motion. See Mr. Robins's Mathemati- 
cal Tracts, vol. II. page 276. VVöñ { © 
I Wargentin's tables a much eſteemed ; they were, firſt publiſhed at Stect- 

Bol in the Ada Societatis Regii Scientiaram Up/ales/is for the year 1741, bur 
ſi.ce more correct from a new copy of the author's at Paris in 1759, by M. 
de la Lande. The ingenious author has rendered them yet more correct, and 
his labours on this head may be ſeen in the Connoi/ance des Temps for 1766, and 
the Nautical Almanacs for 1771, and 1779. | | MW _ 

This great genius died in 1641, ſcarce 23 years old. See his Opera 
Piſthuma, publithed by the famous Dr. Fehr Wallis at London, in 1673. 


Harrox firſt obſerved the Tranſit of Venus over the Sun in 1639. He wrote | 


an account of this Phenomenon, which was pebliſhed by the great aſtronomer 
Aevelius, at Dantzic, in 1661. Fl: | ED, 


$ Come Societe Reg. Coti ingenſ. tom. II. page 283. N 
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priſing exactneſs. And this ingenious perſon has left behind him tables 
ſtill more exact *, for which the Britiſb Parliament have rewarded his 


widow with C. 3000, as alſo Mr. Euler with J. 300. Theſe tables were 


publiſhed in 1770, by Dr. Maſtelyne. 3.10 fon 
Ass to the method of Gemma Friſius, M. Huygens was perſuaded it 


might be accompliſhed by his inventions of pendulum clocks and watches; 
a deſcription of the firſt he publiſhed in a ſmall tract, printed at the 


Hague, in 1658; and of the ſecond, as improved, in the Journal des Spa- 

vans for the month of February, 1675. And great expectations of ſuc- 

ceſs had been raiſed from ſome trials made in a voyage with theſe watches 

of the firſt conſtruction, by Major Holmes; an account whereof is given 
in the Philoſophical Tranſactions, Ann. 1669. But the various accidents 

thoſe movements are liable to, ſoon cauſed that way to be laid aſide. _ 

-- Notwithſtanding which, the ingenious Mr. Jobe Harriſon has for 


many years paſt employed himſelf in contriving a machine, that ſhall 


be free from all imaginable inconveniencies; and his endeavours were fo 
well approved of by gentlemen of the greateſt knowledge in theſe ſub- 


jects, that the commiſſioners for the longitude thought fit to allow him 
ſome gratifications for his pains. He was afterwards farther conſidered, 
upon diſcloſing the internal ſtructure of his machine, and the whole re- 


ward has fince been given him by Parliament. | 


The difficulty of making obſervations at ſea with ſufficient exactneſs 
for finding the longitude, was feared to be inſurmountable ; but at- 


tempts have not been wanting to overcome it. In the Hiſtory of the 


Royal Society, at page 246, we meet with the firſt mention of an inven- 
tion in theſe words: A new inſirument for taking angles by reflection, by 
which means the eye at the ſame time ſees the two objects both as touching the 
fame point, though diſtant almoſt to a ſemicircle; which is of great uſe for 
making exact obſervations at ſea. A figure of this inſtrument, drawn by 


Dr. Hook, the inventor, is given in the Doctor's poithumous works, with 


a deſcription, at page 503. But here, as one reflection only was made 
uſe of, it would not anſwer the purpoſe. However, this was at laſt 
effected by Sir Jſaac Newton, who communicated to Dr. Halley, about 
the year 1700, a paper of his own writing, containing a deſcription of 
an inſtrument with two reflections, which ſoon after the Doctor's death 
was found among his papers by Mr. Jones, who communicated it to 
the Royal .Society, and it was publiſhed in the Philoſophical Tranſ- 
actions, Ne 465, Ann. 1742. | | 
How it happened that Dr. Halley never mentioned this in his life- 
time, is very extraordinary; ſeeing 7ohn Hadley, Eſq. + had deſcribed, 
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* See his Elogium in the Nova Acta Eruditorum, for March 1762. 
+ Mr. Hadley being well acquainted with Sir 1/aac Newton, might have 


_ © heard him ſay, Hoo#'s propoſal could be perfected by means of a double re- 


flection. However, Mr. Hadley, being a very ingenious perſon, might have. 


hit on the ſame thought; as well as Mr. Godfrey of Pennſylvania; to whom 
the invention of this admirable inſtrument has been aſcribed by ſome gentle- 
men of that colony: this is not the onl 


produced ſimilar inventions. | | | 
Le 3 | | | | in 


agreeing to the Moon's motion in every part of her orbit, with very ſur- 


y Cafe, wherein different perions have 
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bs No 430, Ann. 1731, an inſtrument grounded on the fame principles 


which is ſo well eſteemed, that our ſhops abound with them, accom- 
modated with Vernier's diviſion, as they are made by our moſt ſxilful 
workmen 3 and are now in general uſe amongſt the ſkilful ſeamen ß 


moſt of the maritime nations. | 


Though Medina's method for finding the place of the an was 1 - . 


. furd ; yet, for this end, ſeveral plauſible ones have been propoſed by in- 


genious perſons, as Meſſ. Elton, Hadley, Godfrey, and Leigh; and that 
chiefly by applying a level to Davis's quadrant. Their devices are de- 
ſcribed in the Philoſophical Tranſactions for 1732, 33,.34, and 37. 


And, laſtly, an Horizontal Top, invented by the late. Mr. Serſon, who 
was unfortunately loſt at ſea aboard the Yifory man of war, has been ap- 


proved. of, and publiſhed - by Mr. Smeaton in the Philoſophical Tranſac- 
tions, vol. XLVII. for 1752, part ii. page 352. | 
Some methods uſed for obtaining the place of the horizon, and of ob- 


ſerving with Mr. Hadley's Reflecting Sector, are deſcribed by Mr. Ro- 


_ in his Elements of Navigation ; which treatiſe has deſervedly met 


with the approbation of the public. 


Thus have I endeavoured: to trace out the principal ſteps by which 
the art of navigation has advanced to its preſeat height; nor without 
hopes that the attempt may not prove altogether unacceptable to thoſe 
whoſe buſineſs or curiofity lead them to be acquainted with this very 
uſeful branch of the mathematics: on the ſucceſsful practiſing of which 
depends, in an eſpecial manner, the flouriſhing ſtate of our country. | 

This Diſſertation, written at firſt by deſire, is now reprinted with 
alterations. "Though I may be thought to have dwelt too long on ſome 
particulars not directly relating to the ſubjet; yet I hope that what is 
ſo delivered, will not be altogether unentertaining to the candid reader. 
As to any apology for having handled a matter quite foreign to my way 
of life, I ſhall — plead, that very young, living in a ſea-port town, I 
was eager to be acquainted with an art that could enable the Mariner to 
arrive acroſs the wide and pathleſs ocean at his deſired harbour. 


Lb JAMES WILSON, 


By tu 
| 
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5: S it may be expected that four kinds of readers will look into thi; 
FH book, it was thought convenient to point out to ſome of thew; the 
places where they may meet with what they more particularly want. 
FixsT. Thoſe who having made a proficiency in the mathematics, | 
will, it is likely, examine in what manner the ſubjects are here treated, 
and whether any thing new is contained therein : it is Coticeived that ſuch 
readers will find ſome things which may recompence them for theit troy. 
ble, in almoſt every one of the books. SLY 5 
| SgconDLyY. Thoſe learners, who are deſirous of being inſtructed in the 
art of Navigation in a ſcientific manner, and would chuſe to ſee. the rea- 
ſon of the ſeveral ſteps they muſt take to acquire it ; To ſuch perſons, it 
is recommended that they read the whole book in the order they find it; 
or, if the learner is very young, he may omit the IVth and V th books 
till after he is maſier of the VIth and VIth, Ms e ©. 
TrinDLY. That claſs of readers, which, with too much truth may be 
ſaid, comprehends moſt of our mariners, who want to learn both the 
elements and the art itſelf by rote, and never trouble themſelves about 
the reaſon of the rules they work by ; As it is probable there ever will 
be many readers of this kind, they may be well accommodated; in this 
work ; thus, if they are not already acquainted with Arithmetic and Geo- 
metry, let them read the five firſt rules of Arithmetic, to page 20; thence 
proceed to the definitions and problems in Geometry, from page 43 to 58, 
In the book of Trigonometry, read pages 89, go, gr, 92, 98, 99, and 
from 104 to 114: the whole of book VI. In book the VIIth they tm 
read to page 35, and as much more as they pleaſe. In book VIII, let 
them read the ſections III, IV, V, VI, from page 146 to page 190. In 
| book V, they may read ſection III, and as many problems in the V th and 
VIth ſections as they can; and let them read the whole of the ninth 
book: | | „ 
FoURTHLY. That ſet of readers who will not be at the pains of learn- 
ing any thing more than how to perform a day's work; ſuch may herein 
meet with the practice almoſt independent of other knowledge. Let ſuch 
perſons make tizemſelves acquainted with ſection IV. of book VI, and the 
uſe of the table at page 374; then learn the uſe of the Traverſe Table at 
the end of book VII, which they will find exemplified between pages B and 
35, Vol. II; alfo they muſt learn the uſe of the Table of Meridional 
parts at the end of book VIII. After which, they may proceed to book 
IX, where they will find ample inſtructions in all the particulars which 
enter into a day's work, But with this ſcanty knowledge of things, they 
will be obliged to omit ſome parts, which it is well worth their pains ts 
e acquainted with, . 
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Definitions and Principles. 
4. A RITHMETICK i is a ſcience which teaches the -properties of 


numbers ; and how to compute dr eſtimate the value of things. 
2. An UN or Uniry, is any thing conſidered as one. 

3. N. UMBER; in general, is many units. 

4. DiciTs or FicuRts are the marks by . numbers are de- 
noted or Expelled, : and are the * following. | 

Digits, 1. 3. CCC 8 

Namet, One. Tao. Three. Four," Five. Six. Seven, Ei oht, Nine. 

And with theſe is uſed the mark o, called cypher, which of itſelf 
ſtands for nothing; but being annexed to a digit, alters its value. | 

Thus 40 ſignifies forty 1 z and 400 fland for four. hundred, &c. 

5. INTEGER, or W HOLE, NUMBERS, are ſuch as expreſs a number 
of things, each of which is conſidered äs an unit. 

Thus four pounds, twelve miles, thirty-four gallons, one hundred days, 
Ge. are, in each caſe, called an integer number, or whole number. 

'6.-FracTrionar NumBRs, are thoſe which — the value of 
fome part or parts of an unit. 

Thus one ban one quarter, three quarters, Sc, are each: the freffional 
parts of an unit. | | 

Vote b;: or B FP 
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7. Nor Arion is the expreſſing by digits or Sgures any number wok. 
- poſed in words; and the reading of any.number that is expt elle by 


figures, is called NUmER ATION. © © | 36 2B 4 
8. Dzcimar Nor Ar ro is that kind of nutnbering in which ten units 
of any inferior name are equal in value to an unit of the next fuperior. 

9. Every number is ſaid to conſiſt of as many places as it contains 
610 The value of every digit in any number is changed according to 
the place it ſtands in; and the reading of any number confiſts in giving 
to each figure its right name and value. 3 
11. The right hand place of an integer number is called the place of 
units; and from this place all numbers begin, whether whole or frac- 
tional; the integers increaſing in order from the unit place toward the 
left; and the fractions decreaſing in order from the unit place toward 
the right: and to diſtinguiſh decimal fractions from integers, there is 
always a point or comma ,) ſet on the left hand ſide of the fractional 
number ; ſo that the integers ſtand on the left hand fide of the mark, 
and the fractions on the right hand. vs: Bk! 
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12. For the more convenient reading of numbers, they are divided 
into periods of fix places each, beginning at the unit place ; and each 
period into two degrees of three places each, the names and order of 
which are as follow: where X. ſtands for the word tens, C. for hun- 
dreds, and Th. for thouſands. | 1 8 


13. ; Integers . Decimal fractions 


A 


TY Tops * n 
Second period Firſt period Firſt period Second period 


Degree Degree Degree Degree Degree Degree Degree Degree 


—_— 


X. Th. Millionths 


Elevenths C. Th. Millionth 


* 


Th. Millions 
Th. Millionths 


C. Millions 
Hundredths 
Thouſandths 


Millions 

C. Thouſands 
Thouſands 
Hundreds 

KX. Thouſandths 

Millionths 
Billionths 
.&C. | 


C. Th. Millions 
X. Th. Millions 
X. Thoufands 


X. Millions 
C. Thoufandths 
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[C. Millionths 
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Decimal Fractions are alſo 
thus named, | 
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The name of the firſt period is Units; of the ſecond, Millions; of the 
third, Billions; of the fourth, Trillions ; &c. | 5 
In the above order it may be obſerved, that each degree contains the 
names of Units, Tens, Hundreds; the firſt degree of a period contains 
the units of that period, and the ſecond contains the thouſandths there- 
of: ſo that from hence it will be eaſy to read a number conſiſting of 
ever ſo many places by the following directions. C 


14. RULE. 
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14. RULE. rſt, Suppoſe the number parted into as many ſets or de- 
grees of three places each, beginning at the unit's place, as it wilt ad- 
mit of; and if one or two places remain, they will be the units and 
tens of the next degree. | 4 


2d. Beginning at the left hand, read in each degree, as many hun- 

dreds, tens, and units, as the figures in thoſe places of the degree ex- 
preſs, adding the name thouſands, if in the ſecond degree of a period; 
and adding the name of the period, after reading the hundreds, tens, and 
units in its firſt degree. = e 5 


= 


— 


Thus the integer number in the preceding table will be read : _ 
Five billions, four hundred thirty two thouſand, one hundred twenty 
three millions, four hundred fifty fix thouſand, ſeven hundred eighty nine. 


15. All fractional numbers conſiſt of two. parts, which are uſually 
written one above the other, with a line drawn between them : the num- 
ber below the line, called the denominator, ſhews how many equal parts 


| the unit is divided into: the number above the line, called the nume- 


rater ſhews by how many of theſe equa] parts the value of that fration 
 exprefla+ ewe bf 5; "Ot | Y ns 
. Thus 9 pence, is 9 parts in twelve of a Shilling; and may be written 
thus, Ir; when a ſhilling is the unit. 3 LF 


16, Thoſe fractions, the denominators of which are Io, or 100, or 
1000, or I0000, or 100000, &c. are called decimal fractions: but fractions 
with any other denominators are called vulgar fractions. | 


| The v ulgar fractions that moſt frequently occur, are theſe: 


55 which is read one fourth, or one quarter. ” 
'F- - » one third. | | 
2 one half. 

112225 two thirds. 1 

1222 f three fourths, or three quarters. 


/ 


17. As decimal fractions are parts of an unit divided into either ro, 
100, 1000, 10000, &c. parts, according to the places in the fractional 
number ; therefore they are read like whole numbers, only calling them 
ſo many parts of 10, or of 100, or of 1000, &c. 2 ET 
| 10, Ten. 

190, Hundred. 

I 000, Thouſand. 
10000, Ten Tnouſand, 
.&C. &c. | 


We” 'Cyphers on the right hand of integers increaſe their value; on 
the left hand of a decimal fraction diminiſh its value: but on the left 


on of integers, or an the right hand of fractions, do not alter their 
value. | | : My | 


Soon places will be 0 
three- many parts of 


% | . | . B 2 N | 5 | | Thus 


— 


12 place of units. 


4  ARITHMETICK Book | 
Ts or Burnin. | | 78 is 8 Paris in 10 ). 
Thus 80 8 tens..- - | Aud Joon 8 parts in 100 j 22 
800 8 hundreds. |  C,o08 8 parts in 1000 
When a fraction has no integer prefixed, it is convenient to put o in 


— — 


19. A Mixed Nunn, is "when 2 ration is annexed to a whole 
number. | 


.. * Thus five and a. batf 5 is called a mixed number, and i is written 55 
| thus, 5553 which is he read, Aue and five tenths, Ee | 


20. Like names in different numbers are fuch figures as tand equally 


diſtant from the place of units; or have the you denomination, an- 


nexed to them. 
Thus all numbers of pounds ſterling are Bhs 3 and "ay are al num- 


4 bers of ſhillings 3 the like of any numbers of miles, &c. 


5 


1. besides the decimal notation explained in article © 3 


bother kinds in common uſe ; ſuch as the duodecimal, in which every 
ſuperior name contains 12 units of its next inferior name: the ſexage- 


nary, or ſeæageſimal in which ſixty of an inferior name make one of 
its next ſuperior. The former is uſed by workmen in the meaſuring 


of cr::ficers works in building; and the latter i is uſed in the en of 


a * ald of Time. 


22. The following 74 FIRE or marks are e frequently uſed i in a Arith | 


metical computations, briefly to expreſs the manner of operation. 


The mark + (more) belomgs to addition; and ſhews that the num- 
bers it ſt nds between are to be added together. Ds | 
Thus 12 + 3 expreſſes the ſum of 12 and 3; or that Þ is to be adied 
to 12, and is thus rear, 12 more 

The mark — (ei ) is for 1 on; and ſhews that the number 
foll wiag it, or on the right hand, is to be taken from the number pre- 
cedin.. it, or on the !efc hand | 

Thus 12 — 3. expreſſes the difference between 12 and 3; or that Jitth 
be ſubtrafted jrom 12, anl is thus read, 12 leſs 2, or 12 leſſened by 3. 

Tais mak x into) for, multiplication, ſhe ws that the numbers on 
each ſide of it are to be multiplied the one by the other. 

Thus 12 X 3, denotes the produd? of 12 into 3; or that 12 i 10 be 


multiplied by 3. 


Diviſion is expreſſed by ſe:t'np the diviſor under the dividend with a 
line draw: between them, like a fraction. | 


Thus % , expreſſes the quatient of 12. by 3; or that 12.55 to be- droided 


3 
This ſign S (equal) ſhews that the reſult of the operation by the 
numbers cr quantities on one fie of it, is equal either to the numbers 


oi quanti:ies on the «ihe. , or to the reſult of. the * by theſe 
numbers or quantities. 


Thus 12 3183 and 12—2 293 and 123536 and f 45 


fenalh foes is value 4 the Preceds ng exp Mons. 
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23. Ter of Freren Move v, 


EIGHT'S, and — 


- Rs 


| Monz r. — Taor Waranrz . | 
1 Fankingn: Pence Shill. Peund Grains Pennywise Qances Pound : 
960 = 240 = 20 1. | 5760 = 240 = 12 = 11b. 
48 = 33 == I5. | 430 = 20 10. 
8 1. 8 


1 5 
Note, 1, 2, 3 farthings, are thus writ- Note, Gold and Silver are weighed 


ten, 4, 24 : _by Troy Weight, 


<a 


. 
— — 


Avorzpuronse Weicur, Ny Wing MeaSuREB. - 
Drams Ounces Pounds Hund. Ton solid inch. Pints Gal. Hogth. Pipe Tun 
573440 235840 ==2240 =20 =1 58212 =2016=252=4=2=1. 


28072 = 1792 = 112=1C, 29106 1008 = 126 2 2=1P. 
250 ů » 14553 $go4== 63 = 1 Hhd. 
16 = 1 OZ, 231 = 8 N 
Note, Proviſions, Stores, &c. are weighed) ee 42=1 Tierce. 
| by the Avoirdupoiſe,: or great weight. . | 84 = 1 Puncheon. 
RT Meazure. [ CLoTy MeasSURE.. 
| pints Gall. Pecks Buſh. Quarter 4 Nails 1 Quarter of a Yard. 
z 0 0_ IONS TO nw2 4 Quarters = 1 Yard. 
6, = B = 1923 == 1 5 Quarters : i Engliſh ell. 


16 = 2 3 Quarters = 1 Flemith ell. 
* * {6 Quarters == 1 French ell. 
Note, 4 buſu. 2 1 Comb: 10 45. ==1 ja Span = 9 inches. 
Wey: 12 Weys Laſt of Corn. a Nuns.” => 4 inches. 


36 Buſhels = 1 Chaldron of Coals. | 3 . | 
. | Lox o "Maazuns. 3 N 
Bute corns Inches Fest Yards Poles Furl. Mila. | 


5280 = 1760 


= 3a i u- 
e = e = 04, 
a 


190080 = 63360 


23760 = 7920 = = 
$94 — 198 = _ 16, 2 5x I 
108 36 == 3 1 EY E ? 


-36 =" 12 = 1 
4. 1 | 

Alſo 3 miles make 1 league. - | We 2 
And 20 leagues or 60 ſea miles make a degree, | . | 

But a degree contains about 692 miles of ſtatute meaſure. 
A fathom = = 2 feet == 2 yards. | | 


| 


| 


TiMs. | W 
Seconds Minutes Hours Days Year 20 
31550937 = 525948 == 8766 = 3653 = 1. 
"TP, 86400 = 1449 = 24 = 1 day 
| | 3600 V 1 hour. | 
- bo = 1 
Frans Table. © | Even parts of a Pound — | 
Pence. a &, Page  & 8. s. d, 1s 8. ? , 
'20 = 1. S420 8:5 « 10.043) *Jorz S 
30 = i 8 6.34 814 „ 
40 = 3. 4] 90 = 7. 65 (AI fee varm 
50 4. 2100 = 8. 4 4. %%: aS es 
00 , e 2 2 22 IL 3 8 = | 
5 | 1 2. 63 =| 0x3 I Es 
So | 2: oc) | ON 
B 3 24. SE C- 


* 
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24. SECTION n. ADDITION. 
Appiriox # the methad of collecting ſeveral numbers ini) 
ove ſum: . 


RuLe iſt. Write the given numbers under each other, ſo that like 
names ſtand under like names; that is units under units, tens under 
tens, &c. and under theſe draw a line. „ 
2d. Add up the firſt or right hand upright row, under which write 
the overplus of the units of the ſecond row, contained in that ſum, 

zd. Add theſe units to the ſum of the ſecond row, under which write 

the overplus of the units of the third row, contained. in that ſum. 

And thus proceed until all the rows are added together, i 


1 EXAMPLES 

Ex. I. Add 28—76—47—18 and 12 together. . _ 

Theſe numbers being written under each other will ſtand thus: 28 
Say 2 and 8 is 10, and 7 is 17, and 6 is 23, and 8 is 31; | 76 
then, becauſe 10 units in the right hand row make an unit in | 47 
the next row; therefore in 31 there are 3 units of the ſecond |. 18 
row, and an overplus of 1: write down the 1, and add the 3 to | 12 
the ſecond row, ſaying, 3 that is carried and 1 is 4, and I is 5, | — 
and 4 is 9, and 7 is 16, and 2 is 18, in which is one unit of the | 18; 
third row (had there been a third) and an overplus of 8; write 
down the 8, and add the x to the third row: but as there is no third 
row, the 1 carried muſt be written on the left hand of the 8; and 181 
will be the ſum of the five given numbers. Es * 


Ex. II. Add 476— 3784 — 18329 Ex. III. Aud the numbers, 10768 
-—=290—75—7638—and 46 to-| — 3489 —28764—289—6438— 
gether. © | 19 -and 438 together, © 


| 476 10768 
1 3784 3 3489 
2 The given numbers 18329 The given numbers 28764 
ſet in order will ſtand $ 290 [placed as the rule di- 289 
thus : 75 frects, ſtand thus 6438 
7638 7 19 
46 | 438 
The Sum 30638 TH The Sum 5020; 
Ex. IV. Add theſe numbers together.|Ex. V. Add the following numberc 
| | | together, EY 
3720,45 ER. 
| 25,0036 20, og 
4179802 | 4 $47 
| 3-0284 1 7 583, 27008 


Sum 27928,8840 Sum 1647471 3103 


2 — 
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15 the two laſt examples, where there are both integer and fractional 
numbers, it may be obſerved, that like integer places, and lixe fractiogal 
places, ſtand under each other; and the manner of adding them together, . 


is the ſame as explained in the firſt example. 


< % 


25. It frequently happens, that numbers are to be added together, the 
names of which do not increaſe in a tenfold manner, as in the laſt Ex- 
amples; ſuch as in adding. different ſums of money, weights or mea- 
ſures; in which, regard is to be had to the number of thoſe of a lower 
name, contained in one of its next greater name, as ſhewn in the pre- 
ceding tables: Examples of which follow.  - . » 


Ex. VI. Add the following ſums of |Ex. VII. Add the following ſums of 

money together. _ Zr. pn EEE 
"xs FA d. | 1 d. 
3 24 8; | 7083 on” 
. 1 19 92 

. 8 e 8 
„„ 63 6 - 
754 > 15 4x © | 9334 14 24 


Ex. VIII. Add the folrwing Trey Ex, IX. Add the follnuing Aveir- 


Weights together, dupoiſe Weights together, 
lb. oz. amn. gr. Cat. qr, I om 
218 10 13 18 535 17 3 22 11 
. E 
ox = 1111 T 18 15 
24 1 | 7 15 2 3 
J 8 F 
Carry tor 24. 205 12, 0. Carry for 16, 28, 4, 20, 10. 


Ex. X. Add the following parts of|Ex. XI. Add the following parts of 


Time together. a Circle together 


Weeks Da. Ho.“ Min. Sec. | Deg, / : ” % iv 
ST EO on Eo 
dd „„ 23 „ Þ- 6 6 IS 
9. $$ = $9 --8 114... 28 44 58 As 
33 4 28 22 39 _67 6 24 47 
J 3 5 444 13 51 8 
| Carry for 60, 60, 24, 7, 10. Carry for 60, 60, 60, 60, 10. k 


Explanation of Example VI. 


Three farthings and 1 farthing is 4 farthings, and 2 farthings is 6 far 


things; which is a penny halfpenny : ſet down 2, and carry 1. 

Then 1 and 10 is 11, and 5 is 16, and 4 is 20, and 8 is 28 pence; 
which is 2 ſhillings and 4. pence : ſet down 4, and carry 2. 

Again, '2 and 12. is 14, and 17 is 31, and 10 is 41, and 14 is 55 


| ſhilings; which. is 2 pounds 15 ſhillings : ſet down 15 ſhillings, and 


carry 2 pounds. Phe reſt is eaſy. 


| Beg: - | - 6 $26 


N 
0 
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26. SECTION u.. SUBTRACTION. 


.- SUBTRACTION is the metbod 0 5 tating one number from another, 
and fhewing | the remainder, or di erence, or eg. 4 


The ſubducend is the number to be ſubtracted, or taken away. 
The minuend is the number from which the ſubduoend i is to be taken. 
Rur kE iſt. Under the minuend write the ſubducend, ſo that like 
names nd under like names; and under them draw a line. - 
2d. Beginning at the right-hand ſide, take each. figure in the lower 
line from the figure ſtanding over it, and write the remainder, or what i is 
S | left, beneath the line, under that figure. | 
2d. But if the figure below is Greater than that above it, increaſe the 
upper figure by as many as are in an unit of the next greater name; from 
this ſum take the figure in the lower line, and — the remainder un- 
der it. 
4th. To the next name in the lower los carry the unit barrowed, 
| $a thus proceed t to the ·higheſt denomination or name. 


Ex AMpLES. 


Ex. From 436565874 the Amend, 
* Take 24985 3642 the Subducend, 


Remains 1867122 32 the difference. 


Here FL five 3 on the 8 of the ſubducend may be taken from 
thoſe over them: but the 6th figure, viz. 8, cannot be taken from the 5 
above it. Now as an unit in the 7th place makes 10 in the 6th place, 
therefore borrowing this unit makes the 5, 15: then ſay, 8 from 15 leaves 
7, which ſet down; and ſay 1 carried and 9g is 10, 10 from 6 cannot be had, 
but 10 from 16 leaves 6, ſet it down; then 1 carried and 4 is 5, 5 from 1 3 
leaves 8; ſet it down then I carried and 2 is 3, 3 from 4 leaves I. 


Ex. II. From | 7620908 | Ex. III. From . 375·3865 
? Take | 3875092 | 1 x; T akg * 49.8 097 
| 


Remains 3745816 | | Remains 278,866 


IV. From 3000), 95 [Ex. V. From | 5$000,0000 


Tae 2536870 | Take 479-6378 
: Leaves 7499419 S Leaves 43520, 3622 


— ũꝗ— — 


8 * L. : 4. 3 3 
Ex. VI. Burprurd 24 14 62 [ Ex, VII. Legt, . 294 15 95 
. Paid 18 1244 Received 9 18 104 


Remains 6 02 24 Renigins 204 16 101 


* > 42 


Ex, VII. 


ol 


1818 


4 K.. 8 


\ nay 
E Ys 


| Tom's Mrnze money _ 148 17 6 | 


H - MH 


Frm 76 28 37 49 32 
Tale by 2916 53 45 | 


| Leaves 10 59 20 55 47 | 


ww I 


mocks FTT HMETICE : 9 
Ex. VIII. Is Sexage/imals. . . ** Ex. IX. I Cexageſama inde 5. 
e 1 x W 


n 186 4% 32 50 18 
74. 149 52 ½/ 33 29 


5 UEST. 1. The ſhare of ack*s| QuesrT. II The Spanifh inus⸗ 
Ke money was 148 C. 17 5. J on was in tbe year 1588, and the 


and Tom received as much, beſide 7 C. 


185. ſmart money: How much money year 1744 : How many years wert 
did Tom receives? between theſe fruitleſs attempts? | 


> = Bhs Lo wy gd. 


Tom. received 156 1 62 


* 


in the year 1 749 1 


; 4 53 > 5 1 ; C2 | | 
QuesT. III. F hat year was King Quesr, IV. Two fhips depart 
George born in, he being 67 years old 


French attempted an inuaſjon in the 


. 
Spaniſn 12388 


* A. r — 
Years between 156 


from the ſame port, one having ſailed . 


535 miles, is got 48 miles a-head of 
the other : Konrad the aftermof# 


Current year 1749  |/hip's diſtauce. 
Age „ ²˙— | 
— [The fit fhip's diftance 83 
Vear born in 1682 { Their difference 48 
EY | | Second ſhip's diſtance 787 


Quksr. V. Aſeaman who had re- 
teived 46. 175. 6d. for wages, prize 
money, Ac. meeting with bad company, 
was tricked out of 18 guineas : Now 
John had reckoned to pay his wife's 
debts of 13L. 165. 6d. qnd his land- 
lady's bill F 16%. 125. Required 
whether he can fulfil his intentions, 


of the Rebellion, in 1715; and Frank 


ſaid he remembered: he was ten years 


old the year King George the jecond 
was crowned, in 1727 : Required the 


age 4 each, and the difference of the 


and what the difference will be f []agei 
Ks 5 5 75 d. She, 11 2 £53 
oney loſt | 18 18 o] Current year 1 | 

Wife's debt 13 ' 16 6 Will was born | 5 — : 

Landlady's bill 16 12 © Will's age + 1 
1 | Current year 1749 
Total 49 6 6} King George crowned 1727 
Y Money received 15 17 6 yer e 25 
is .] Frank age then + 
: He will want ol” 9 0 | Frank's age 32 


80 Will was oldeſt by two years.” 


28. SE Ca 


ms 


Leaves 68 53 44 56 49 


Queer. VI. Wil and Frank, 
talking of their ages in the year 1749, 
Will ſaid he was born "4 the year 


* 
—— 2 a bes 
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28. SECTION. IV. MULTIPLICATION. 


MvLTieLIC ATI ON is the method of finding what à given number 

will amount to, when repeated as many times as is repreſented by 

The number to be multiplied, is called the Multiplicand. 

The number multiplied by, is called the Multiplier. 5 
And the number which the multiplication amounts to, is called the 

Both multiplicand and multiplier are called Faclors. ds” 
Before any operation can be performed in Multiplication, it is nece(- 

fary that the learner ſhould commit to memory the following table. 


r 1: is | 
_— 6 Y © 23 24 40 426. .20 26) a6--4- 
"LS Q 18 15 18 203-2447 © 33 © Þ] 
| 16 20 24 28 32 36 40 44 48 1 
15 „„ © 5" 6 
7 


| 30 . 42 48 4 8 86 72 

4 „„ 49 yo 0g - $0 up of 1 
4 5 dT 64 72 80 88 o& 
| | 81 90 99 108 


po | 100 110 120 
11 „ 121132 
12 | 144 | 


* 


Obſerve, that In multiplying any figure in the upper line by any figure 


in the left-hand column, the product will ſtand right againſt the figure 


uſed in the left-hand column, and under that uſed in the upper line. Thus 
were 6 to be multiplied by q, ſeek the greater figure ꝙ in the upper line, 
and right under it, againſt 6 in the left-hand, ſtands 54 for the Product. 


And fo of others. 


The foregoing table being well known, the work of Multiplication will 
be performed as follows. 


Too multiply any number, as 37256 
By any ſingle figure, as by | * 
Set them as in the margin, and proceed 260792 


thus, 7 times 6 is 42, ſet down 2 and carry 4; 7 times 5 is 35 and 4 car- 
ried is 39, ſet down ꝙ and carry 3; 7 times 2 is 14 and 3 carrięd is 17, 
ſet down 7 and carry 1; 7 times 7 is 49 and 1 carried is 50, ſet down o 
and carry 5; 7 times 3 is 21 and 5 carried is 26, which ſet down, and the 
work is done.” But for compound Multiplication take the following : 


30. RULE 1ſt. Write the Factors ſo, that the right-hand place of the 
Multiplier may ftand-under the right-hand place of the Multiplicand. 

2d. Multiply the Multiplicand ſeverally by every figure of the Multiplier, 
ſetting the firſt figure of each line under the figure then multiplying by. 

3d. Add the ſeveral lines together; and their ſum is the Product. 

4th. From the right hand of the Product point off, for fractions, as many 


places as there are fractional places in both Factors; and thoſe to the left 


of the mark of diſtinction are integers ; thoſe to the right are fractions. 


_ 8 Sth, If 


CY 


„ Bock l. ARITHMETICE ue 
5th. If the number of places in the ProduR are not ſo many as the num- 


ber ber of fractional places in both Factors, make up that number by writing 
» WM cypbers en the left hand, and to theſe prefix the mark of diſtinion, = 
_ Ex AU IE I. Mulripiy 742 by 53. Es. 
The leſſer Factor being written under Multiplicand 742 FRN 
the the greater Factor, as here ſhewn, and a Multiplier 53 Braten 
* line drawn under them; fay 3 times 2 is 12 
6, write 6 under the 3; then 3 times 4 is 2226 
a 12, write down 2 and carry 1; and 3 times 3710 
F is 21, and x carried is 22, write the 22: py ag. WWE ; 
Again, «times 24310, write O under the rode. 39350. 


Fy and carry 1; and 5 times 4 is 20 and i e 
carried is 21, write down 1 and carry 23 then 5 times 7 is 35, and 2 carried 


is 37, write down the 37: Now add the two lines together found by mul- 
tiplying by 3 and by 5, and their ſum 39326 is the product required. 


ExAMPLE II. | ExAMrLE III. 
Multiply 28704 1 W 3684-2795 
by 8631 8 4 A = 
N ; 1 5 1 71180 3 
85112 331585155 
172224 By 184213975 
2296322 | „ _257899565 ko 
247744224 ProduR. | 27978,4185230 
8 e | hs Here, becauſe there are 4 fractional 
on SF IL {places in the Multiplicand, and 3 in 
wg | the Multiplier, which together make 
= | 75 therefore 7 places are pointed of Þ 
8 ET jon the right of the product for frac- 
will EE 83 70 1 ; 
ExAM IE IV. e EXAMPLE V. 
Multiply 936, 287 Multiply 0,3479 
by 607,02 . hy | 034799 
1872574 | | 278368 
6 540090 SES, jen” -. 17 _ 
ar- e 5 659592 
1 3 a — —— 
op $68344-93474 TY CRY o, 8977 368 
* The cyphers in the Multiplier of this Here, becauſe there are 5 fractional 
de examples are thus managed. Having places in one Factor, and 4 in the 
: multiplied by the 2 as before, ſay o other, there ſhould be 9 fractional 
; times 7 is o, write o under the o, and places in the Product; and there 
es proceed to the next figure 7, by which ariſing but 7, therefore two cyphers 
. multiply as before, then coming to are ſet on the left hand to make 9 
7 the ſecond o, fay, o times 7 is o, places. be | 
any write © under the place of the ſe- N 
left cond o, and proceed to the next fi- 
"= ure 6, by which multiply as before. [ el” 
3 | | 31. S EC- 
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Drvrsꝛox is the method of finding how often one number is con- 
tained in another; or may be taten from another. 85 


The number to be divided, is called the Dividend. 
The number dividing by, is called the Diviſa u. 
The Quotient is the number ariſing from the diviſion, and ſhews how 
many times the Diviſor is contained in the Dividend. Ee 
The operations in Diviſion are performed as follow: os,” 
32. RuLE 1ſt. On the right and left of the Dividend draw a crooked 
line; write the Diviſor on the left ſide, and the Quotient, as it ariſes, on 
the right ſide of the Dividend. | 335 „ 
2d. Seek how often the Diviſor may be taken in as many figures on 
the left hand of the Dividend, as are juſt neceſſary; write the number 
of times it may be taken, in the Quotient; and there will be as many 
figures more in the Quotient, as there are figures remaining in the Di- 
vidend then not uſed. | 8 1 | 
3d. Multiply the Diviſor by this Quotient- figure, ſat the Product un- 
der that part of the Dividend uſed ; ſubtract, and to the right hand of the 
- remainder bring down the next figure of the Dividend: Divide as before; 
and thus proceed until all the figures of the Dividend are uſed. 
4th. If there is a remainder, to its right hand ſide annex a cypher or 
eyphers, as if brought down from the Dividend, and divide as before; 
and thus it is that fractions ariſe, viz. from the remaiudets in divifion* 
Sth. When any figure of the Dividend is taken down, or annexed, as be- 
fore ſhewn, and the Diviſor cannot be taken in the number thus increaſed ; 
put © in the Quotient, and take down, or annex, another figure; and 
proceed in this manner, until the Diviſor can be taken from the number. 
. _ 6th. When fractions are concerned: From the number of fractional 
places uſed in the Dividend, take thoſe in the Diviſor; count the num- 
ber of remaining places from the right of the Torten. put the mark 
there; and thoſe to the left are integers, thoſe to the right fractions. 
7th. If there ariſe not ſo many places in the Quotient as the 6th ar- 
ticle requires, ſupply the places wanting with eyphers on the left, and 
to thoſe prefix the fractional mark. © 8 


Ex. I. Divide 3056 L. among 8 perſons. 
Set the given numbers as in Arr. iſt, Now the two 8) 3656 (457 
32 


left hand figures contain 8 ; then ſay 8 is contained in 36, 4, 
times; ſet 4 in the Quotient, and ſay 4 times 8 is 32, ſet ZB 


under 36, ſubtract, there remains 4, to which bring down 45 
the next figure of the Dividend 5, makes 45; then ſay 8 is 1 
contained in 45, 5 times; ſet 5 in the Quotation, and ſay 5 1 
times 8 is 40; write 40 under 45, ſubtract, and to the rce- 88 
mainder E take down 6, the next figure of the Dividend, 1 
makes 563 then ſay 8 is contained in 56, 7 times; write 5 


7 in the Quotient, multiply 8 by 4 makes 56, which write 

under the other 56, and ſubtracting there remains o: So it may be 

concluded, that 3656 contains 8, 457 times: Or, if 3656 /., be divided 

among 6 perſons, the ſhare of each will be 457 . : 1 1 
8 / X. dla 


— 


1 < 4 


b 


* 
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Ex. II. Divide pag * 2 II. Divide 05269 by 47 N 


aste „ 8520 N 1 
+ . a #1 
25 8 94 | 
| 62 855 [See erer. sh. 126 
1 50 © 4 
—— 30 : 1 qo * 2 5 3 Le ; 
LoASE : * gte pi N rate 329 — . EC n 
. 2779107 2 20 1608 
© 1 —_ 43 Me 277, 40 £501 NY V4; MS IRE 
a 0 3 2 og 0 
* 


Ex. IV. Divide 5859 ty 124 Ex. v. | Diviida 3 156,28. 


| 124) $859(47-25. 4 6,28) 337-27368{53,700. | 
1 3 VVV 8 
„ | 1 — See Proceps: cone 
-3 24x: - =. 
= | | 17884 Sack 
"210 for the Remaind.; _ 
218 See n Ath. 702 22 
620 | | See precept cth. 68 
o TIO " 5 4 Mr ? 


| bs — 


E$. VI. Divide 23509 5 6754 in Ex. vi. the 4 aa al. 


67 3:4) 24350 „Qs. oo given in the Dividend, and the o 


3 [uſed with the Remainder, make 5 
33670 See precepts |frational places; from which x 
33670 IS, 6th, 7th. place in the Diviſor "being . taken, 

En OS 14 leaves 4. fractional: places. for the 

5 | Quotient; 3 but in the Quotient are 

only the two places 35. ei 2 cypbers are prefixed, which make 


500355 before which, for form ſake, an o is ſet for the place. of. units. 


33. When the Diviſor does not 3 the number 12, the Diviſion 
may be performed in one line; by making the Multiplication and Sub- 
traction mentally, or in the mind, and carrying the e as ſo 
many tens, to he next figute. | 


In all * of Divifion* it wi be obſerved, that the Pro- 
aue of the Diviſor by the Quotient figure muſt not exceed that part of 
the Dividend then uſing; and the Remainder, by ſubtracting the For 
duct, muſt ever be leſs than the Diviſor. 

As the Quotient multiplied by the Diviſor makes the Dividend z __ . 
So the Product of two numbers being divided by one of them, will 


give the other; that is, Diviſion is ogy by Me: and ag 


arenen is Reyes by Diviſion. 


35. SEC, 


 ARITHMETICKE. BI 
35 SECTION VI. REDUCTION. 

Rxpveriox is the method of reducing numbers from one name, 
or denomination, 10 another; retaining the ſame value. | 


Cas I. To reduce a number conſifting of ſeveral names, to their leaft name, 


 RurLe ft. Multiply the firſt, or greater name, by the parts which 
an unit of that name contains of the next leſs name ; adding to the Pro- 
duct the parts of the ſecond name in the given number. | 
ad. Multiply this ſum by the number of times that an unit of the 


next leſs name is contained in one of the fecond name; adding to the 


Product the parts of the third name contained in the given. number: 
And thus e until the name in the W number i is arrived at. 


many farth ings? | many grains * 
E | == 
23 14 62 LT 8 10 
20 | if 12 
474 Shillings. 105 Ounces. 
N R | 20 0 
— Pence, 4 2120 Pennyweights 
— 4 * 24 
Anſwer 22778 Farthings. 8480 FI 
| ; $9880 Grains. 
Ex. III. In @ Cannon weighing 2 Tom, Ex. IV. 7 In 36 deg. 48˙. * 56%. 
14 C. 39rs. T. &. how many pounds? how _— thirds © 
s. lb. e 
. 14 8 19 8 | 5 5 48 27 56 
| = ” 18 . 2208 dies 
219 ned ; K 60 8 
| | | 132507 Seoul 
= | 5 60 
428 14 1— 
5751 Pounds. 7950476 Thirds. 


An explanation of the firſt Ex. will make all the reſt plain. Since 
pounds is the greateft name in the given number, and an unit thereof 
contains 20 of the next leſs name, or ſhillings; therefore multiply the 
pounds by 20, ſaying © times 3 is o, to which adding the 4 in the 145. 
makes 4; then 2 times 3 is 6, and the 1, in the place of tens in the 
ſhillings, makes 7; then 2 times 2 is 4: Now multiply 4745: by 12, 
ſaying 12 times 4 is 48, and the 6 in the pence makes 54; write 4 and 
carry 5; then 12 times 7 is 84, and 5 is 89, &c. Laſtly, multiply the 
5694 pence by 4, ſaying 4 times 4 is 16, and the two farthings in the 
given number is 18 ; write 8 and carrry 1, & 

8 36. Cast 


Tons, Hundreds, 
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36. CSE II. A number of an inferivr name being giver; 10 fnd bow 
many of each ſuperior denomination re contained in it, 


RuLEe 1ſt. Divide t he given number, by the mamber of times that 


one of its units is contai 


in an unit of the next ſuperior name 


2d. Divide this Quotient by the parts making one of the next name. 


2d. Divide this Quotient by the parts making 


one of the next name: 


And proceed in this manner, until the higheſt name is obtained. 


4th. Then the laſt Quotient, and 


the ſeveral remainders, will be the 


parts of the different names contained in the given number. 


Ex. I. In 22778 farthings, how 


many pounds, ſhillings, and pence | 


4)23778( 2 Farthings. 


12) 5694 6 Pence. 


2,0) 47:4( 14 Shillings, | 


23 Pounds. 


Anſwer 23 14s. 64 d. 


Ex. III. Ir 6151 ounds, how many 
uarters, Pounds ? 
28)6151(219 | 
5 as ov, 
— 4)219( 3 A*. 
5 — — 
| 28 2,0054014 0. 
274 2 Tons. 
234 
| _ Pounds. | 
Anſwer 2 T. 14C. 3 Qs. 105. 


Ex. II. In 7950476 n 4 4 
giree, how ma ern Is | 
| 6,0)795047:6( 56 Thirds. 


6,0) 3280, ( 237 Seconds. 


———— 


; | 6,0) 220,8( 48 Minutes. 


. Anſwer 35. 48 2755 70 


Ex. IV. fo co880 grains, how 
Pounds, Ounces, Penntywig hts, Gre: 


| - 24)50880(2120 - 
— 2,0) 202,0{ . 
28 — 
24 12) ob (10 oz. 
1 25 
FF A F<. 


—— » - 


O | 
Anſwer 8 lb. 10 oz. 


| examples, 


Explanation of Ex. I. Since 4 of the given number make one of the 
next name, pence, then 22778 divided by 4, give 5694 pence, -and a 
Remainder of 2 farthings ; then 5694 pence divided by 12, the number 
of pence in one of the next name, ſhillings, the Quotient is 474 ſhil- 


lings, and a Remainder of 6 pence ; then 474 ſhillings divided by ae, 


the number of ſhillings in one of the next name, pounds, the Quotient 
is 23 pounds, and a Remainder of 14 ſnillings. And 8 the Ny pre- 


cept, the anſwer i is collected. 


A like operation will ſolve the other —— having _ to the 
increaſe of the different names. 


37. In any Diviſion, if the Diviſor has one or more cyphers on the 
right hand, thoſe 'c _— may be pointed off ; but then as many -places 
muſt be pointed off from the Dividend, which places are not to be di- 
vided, but annexed * hand 2 See the above 


3³ Car 


3 A 


5 
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38. CAsR III. To reduce. 42 vulgar fradtion « to in ane de. | 
" frattion. 


1 
\ 


- RULE. | To the Nendretet annex one or more 8) ig divide this 
by the Denominator, and the Quotient will be the been ſought. . 


Vie the Diviſion does not end when ſix figures are N * 14 Qu: 


tient, the work need not be — farther. $217, 


A. 


"Exam k To er, 2557 to ts 5 equivalent decimal ration. 12 


Here 423 the Denominator is 433) 15,06(0,03548 | 

made | the Diviſor, and 15 the - 5. A090 $5 + Fn 
Nunierator is ſet for the Dividend... -— 0:5 16 Ye ON eee 
to which annexing a eypher or two „„ rs Vee Ee 5 | 
for fratidnal places, ſeek how often as, OS 
the Divifor can be had in 15, the e | 
integral part of the Dividend; 3 and . 1852 — a 
as it cannot be taken, put o in the 83 2 ; 
Quotient for the place of units: | 25886 
Then taking in one fractional place, e 

ſeek how oft the Diviſor can be had e 
in 1 50, fay o times, and put another 4a 
© in the Quotient for the place of — 


primes: Now taking in two fractional places 8 the 1 "kh the Dirine 
will be contained. i ph it thrice, and thus proceed until the Biviſion ends, 
or till 6 places ariſt 


decimal fractions are of no ſignifcation, ds will ee appear, No- 
tation of Fractions being well underſtood. N 


Ex. II. Reduce + 1 a decimal Ex. Ul. Reduce 5 6 a decimal 


fraction. | raction. 
| 2) 1.0(0,3 Anſwer. | 4) 1,00 9%; 5 Anſwer. 
Ex: IV. Reduce 5 2 & a decimal\ExX, v. Kader $ to a decimat 
3 frattion, SO Ffraction. : 
MM 93 5 3.000575 er. \ 5 nn 1 Anſwer, . 
Ex. « VL "Reduce 4. 0 na drcimal| P. VII. Reduce 22 to dies 
> fraction. i | i 
2-8; 1 | 2 | 
e 3)1,00(0,33, Ke. Anſwer. 12) 7. 0000,58 33, &c. Anfw. , 


— —¼ 7 


9. In the two laſt 8 it may be obſerved, that 3 would con- 


| tinually ariſe; ſuch decimal fractions are called circulating, or recur- 


ring fractions: Theſe have a peculiar kind of operation belonging to 
them, which the inquiſitive reader will find in a book intitled A Gene- 


' val T reatiſe 7 Menſuration , the third ane publiſhed | in "the uu 


2 AR and in other books. 


N 8 2 — — 


— By che Author of f theſe Elements, 5 
40. Cask 


in. the Quotient: But in this example, as the bi 
place would be o, i is: omitted, becauſe cyphers on the right hand of 


FF _Qop — 


[of 


ds; 


"th 
of 


lo- 


mal 


nal 


E 
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40. CASE IV. To reduce a number conſfling of different names, to a de- 


cimal frattion of its greateſt name. 


A 
N 


| RuLE iſt, Write the given names orderly under one another, the leaſt 
name being uppermoſt; and on their left ſide draw a line: Let theſe be 


reckoned as Dividends. | 

2d, Againſt each name, on the left 
of its next ſuperior name: And let 
Dividends. 6 : 


hand, write the number making one 
theſe be the Diviſors to the former 


Za. Begin with the upper one, and write the Quotient of each diviſion - 
as fractions, on the right of the Dividend next below it; then let this 
mixed number be divided by its Diviſor, &c. _ | 

And the laſt Quotient will be the decimal fraction ſought. 


Ex. I. : Reduce 1 55. 91 d. to the fractional part of a pound ſterling. 


Firſt ſæt the three farthings, the g 
and C pounds under one another; 


things ſet 4, againſt the pence ſet 12, and againſt the 2 
ſhillings, 20; then the three with cyphers ſuppoſed to be 
annexed, being divided by 4, the Quotient, 75 is written on 


pence, the 15 ſhillings 403 
and againſt the far- 12 


the rizht hand of the 9 pence; and the mixed number 9,75 with cyphers 
annexed as they are wanted, being divided by 12, the Quotient ,8125 is 
written on the right hand of the 15s. then this mixed number 15,8125 
being divided by 20, the Quotient 0,790625 L. is the anſwer. 


Ex. II. Reduce t 5. 244. to the frac- 
tional part of a pound ſterling. 
| ME: 
1202, 25 
20,1875 


5.059375 


—— — 


Anſwer 15. 24 d.=0,05 937 5 L. 


Ex. IV. Reduce 8 vx. 15 dwt. 18 gr. 
to the ractional part of a pound troy, 


18 
2426] (45 
20 [5,75 | 
12 9.775 
; 9.732291 


—— — 


Anſ. 8 02. 15 dwt. 18 gr. 0.7 32291 Ib. 


41. Here becauſe 24 is a number 
too great to divide by in one line, 
therefore it is broken into the parts 
4 and 6, which multiplied together 


Ex. III. Reduce 48'. 17”. 53, te 
the fractional part of a degree, 
; Gols3 
2 +l $5 205948 
60148,298055 
o, 804957 


Anſw. 48“. 17“. 53“ , 804967 Deg. 


Ex. V. Reduce 3qrs. 1916. 140%, to 
the fractional part of a C. weight, 


414 
_ ; al (35 
28 | 419,875 
7 
4 3709821 


1222414 
Anſw. 3 qr. 19 lb. 14 02.2, 927455 C. 


Here the 16 is broken into the 
numbers 4 and 4; and 28 into 4 
and 7; and 14 is divided by 4; and 


make 24. 
You. kh 


2 Quotient 3,5 by 43 &c. 
| — ; | | + x0 ifs 
C 42. CAsR 
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42. CasE V. To reduce a decimal fraction of a ſuperior name, to iis 
value in inferior denominations, e F 


Rol. E 1ſt, Multiply the given fraction by the number that an unit of 
its name contains units of the next leſſet name; from the right hand of 
the Product point off as many places as there are in the given fraction. 

2d. Multiply the places, ſu pointed off, by as many as an unit of this 
name contains of the next leſs name; point off as before. 
And thus proceed until the multiplication is made by the leaſt name. 

34, Then the integers, or the numbers on the left of the diſtinguiſh- 
ing marks in each Product, will be the parts in each name, which to- 
gether are equal to the given fraction. 


ExXAMPLE I. What number M ſhillings, pence, and farthings, are equal in 
OO value to 0,790025 /. /terling. +: 

Here an unit of the given name . L. 0, 790625 

contains 20 of the next leſs name 20 

ſhillings ; then multiplying by 20, | 

and pointing off 6 places on the 


5. 155812500 


right, becauſe the given number as 
0,79c625 contains 6 fractional 
places, the Product is 15,812590 a. Ps 


ihillings ; then the fractions of this 
number, viz. 812500 multiplied by Far. 3,000000 
I 2, the number that an unit of this | 
name contains of the. next leſs name, ES 
and the product pointed as before, there ariſes 9,750000 pence ;. the 
fractions of this number multiplied by 4, gives 3,000000 farthings ; then 
the parts pointed off on the left, viz. 15 5.94 d. are the value of the given 
fraction. | | | 


EXAMPLE II. hat is the value of [EXAMPLE III. pat is the value f 


0,056285 (. ferling? o, 58695 degrees? 
4. 0, 56285 ; Deg. o, 5 8695 
20 | 60 
al ial Min. 35, 217lo0 
88 | | | 60 
4. 1,5084 | Sec. 13,0210 | 
4 1 60 
Fur. 2,0336 | Thirds 0,120 


ExAmMPLeE IV. hat is the value of ExAampLE V. I hat is the value f 
| 0,7 32291 1b. try? , 927455 part of a C. weight ® 
This example worked as above, By operating as above, multiph. 
by multiplying by 12, 20, 24, thejing by 4, 28, 16, the anſwer wil 
value will be found to be ide = 

| Voz, 15 dwts. 18 gr. nearly. Zoars. 19 lb. 1402. nearly. 
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ue of 
tf 

iply- 
uill 


55 
Book I. 


ARITHMETICE : 


QuesTIoNs to exerciſe the preceding rules. 


| 47 0. I. A ſloop with the cap- 
tain and 26 3 take a prize which 
old for 1578 /. of which each ſeaman 
4215 5 CL. and the captain the reſt : 
How much was his ſhare ? 
26 Men 


45 C. to each 


130 
104 


11700 . the crew's ſhare. 
1578F. the whole prize. 


408 £ . the captain's ſhare. 


. Wubtra&t 


from 


remains 


QuesT. III. 4 ſeaman, whoſe 
wages was 355. 6d. a month, returns 
home at the end of 29 months; he hau- 
ing taken up 12 /. 18s. : How much 
has he to receive? | 


ol 
"8.0 
mult, by 12 : 


426 pence a month, 
mult, by 29 months, | 


3334 
852 


—— 
— — 


12) 12354 pence 
2, 0) 102,9 a 6 d. 

6. wages, 

Oo d. received, 


from 


511. 95. 
take 


12. 185. 


* — 


remains 38L. 1ts. 64. to receive. 


QuesrT. V. In 306 crowns, how 
many half crowns and pence © 
1 Anſwer } 612 half crowns. 
a 18300 pence. 


QuesT. VII. A ſeaman's ſhare of 


a prize Was 14 guineas, 32 moidores, 
12 thirty-ſix ſhillings pieces, and 52 
piſtoles at 17 5. each: How much 
fterling did the whote come to? 
1 Anſwer 123 C. 145. 


* 


Quxsr. II. A boat's crew of 15 
men got by plunder 321. How much 
was the ſhare of each ? 
15)321(21/. 
30 | 


21 

15 

remains 6 C. which F 
mult. by 205. in 1. 


15) 1205. (8, 
120 


Anſwer 21 L. 85. to each. 


Quxsr. IV. Six meſi-mates, whe 
propoſe to live well during an Eaft- 
India voyage of 22 months, agree to 
expend among them 5 s, a day, beſides 


the ſhip's allowance: Now one of 
them having but 25s. a month, how 


will matters ſland with him at the 


| end of the voyage 


Now 28 days, at 55. a days makes 


1405. or 7 /. a month; which for 


22 months, is 154 /. Rs 
Then a ſixth part of 154. is 


25 L. 135. 4d. for each man. 


Alſo 255. a month for 22 months 


makes 27 C. 105. for wages; which 


will overpay his expences, by 1. 


165. 8d. 


Quesr. VI. In 30 chalders of 


fcoals, each of 36 buſhels, how many 


pecks © a 
Anſwer 4320 pecks. 


Quvesr. VIII. Suppoſe a ſhip ſails 
57 miles an hour for 14 days Ph 
many . degrees. and minutes bas ſbe 
failed in the whole ; 60 ſea mules 


making one degree? - _ | 
| Anſwer zo deg. 48 min. 
C2 2 Os SE C- 
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I Or, THE RULE OF THREE 


44. Four numbers are ſaid to be proportional, when by comparing 
them together by two and two, they either give equal Products or equal 
Quotients. 5 | | 8 | 

Suppoſe theſe four numbers 3 8 12 32 
In comparing them together by multiplication, . 

n The Product of 3 and 8 is 24; of 12 and 32 is 384, unequal. 
| of 3 and 12 is 36; of 8 and 32 is 256, unequal. 

| of 3 and 32 is 96; of 8 and 12 is 96, equal. 

Therefore 3 8 12 32, are called proportional numbers. 
Now let them be compared together by diviſion. 


The Quotient of 8 by 3 is 2,6 c. of 32 by 12 is 2,6 &c. equal. 
| of 12 by 3 is 4 of 32 by 8 is 4, equal. 

of 32 by 3 is 10, c. of 12 by 8 is 1, 5, unequal. 

Therefore by this compariſon, the numbers are ſaid to be proportional. 


In this kind of comparing four numbers together, there is no need 
to try for more equal Products, or Quotients, than one ſet of either 
ſort; for either caſe will determine the proportionality independent of the 
other. | | | | | 

But it muſt be obſerved, that among four proportional numbers, there 
will be but one ſet of equal Products, and two ſets of equal Quotients, 
the ſmaller numbers being Diviſor s. 15 

45. When four numbers are to be written as proportionals, they muſt 
be placed in ſuch order, that the Product of the firft and fourth be equal 
to the Product of the ſecond and third. | 

A queſtion is faid to belong to the Rule of Three, when three numbers 
or terms are given to find a fourth proportional, which is the anſwer to 

the queſtion, | | | 

And in order to reſolve ſuch queſtions, the three given terms muſt be 
firſt placed in a. proper order, which is called ſtating the terms of the 
queſtion. 


46. Queſtions in the Rule of Three are ſtated, and reſolved by the fol- 
lowing precepts. | 5 = | | 
1ſt. Conſider of what kind the fourth term, or number ſought, will be, 
} whether money, weight, meaſure, time, &c. and among the three num- 
1 | bers given in the queſtion, let that which is of the fame kind with what is 
required be placed for the third term. | 
2d. From the nature of the queſtion, determine whether the number 
fought will be greater or leſs than the number which is placed for the third - 


term. 


| the 1ſt. Thengthe 2d term multi- 


Bock J. ARITHMETICK. at 


3d, If the fourth term will be greater than the third, ſet the greater of 


the remaining two terms for the ſecond, and the leſs for the firſt. 
But if the fourth term is to be leſs than the third, ſet the greater of the 


remaining two terms for the firſt, and the leſs for the ſecond. 


Then in either caſe, the given three terms are ſtated. = 
4th. Reduce thoſe terms which conſiſt of more names than one, to one 


name; and obſerve that the farſt and ſecond terms are always to be of the 


fame name. | 


5th. Multiply the ſecend and third terms together, divide the product 


by the firſt term, and the Quotient will be the fourth, term, of the ſame 


name the third term was reduced to. 


47. Quzsr. I. If 4 yards club cf 18 5. what will 24 yards cot ? 


Here it is plain, that the term | 
ſought, or the worth of 24 yards, 


will be money; therefore the given al. gdb. 
money 185. is ſet for the third term; 4—24—18 

and as the worth of 24 yards muſt 38-7 

be greater than the worth of 4 yards, 3 

therefore the 24 is ſet for the 2d 192 

term, and the 4 for the iſt, Then * 

the 2d term 24 being multiplied b ps ER 

the 3d, 18, the Produc 15 _ | | 4)432( 0M * : 

which divided by the iſ term 4, tte | TR 

Quotient or 6 hw is x08, Which $5) 1 EE 

are ſhillings, the fame name of the 5 pounds. 

3d term; then 108 ſhillings divided . . 

by 20, gives 5. 898. Anſwer 5 C. 8 f. 


Quest. II. VI lend 200 for 12 months, how long ought I to have the 
| N ufe of 150 C. to recompence ne? 


Here the-anſwer or 4th term is to . mn. 
be time; therefore let 12 months, 150 — 200mm 12 
the given time, be ſet for the 3d 12 
term: Now it is evident, that the "©," > 
I 50 0% being leſs than the 22 15.00 240, (16. months. 
muſt be kept a longer time, and ſo | 15 
the 4th term will be greater than the I 
3d term: Therefore the 200 is put | _ 
for the zd term, and the 150 for Fs 


Anſwer 16 months. 


plied by the 3d, the Product will be 


2400; which being divided by the ift term, the Quotient 16 is the 


4th term; and becauſe the 3d term was months, the 4th. term will be 
months, : | 


C 3 50 Qs r. 


> 


of raiſins come to, at the rate of 65. 
ſought, money muſt be the 3d term : 


name, viz. Pence, 
. 


24—1836— 6 8 


— 


6120 


22 
_ Quesr. III. What will 1836 15. 


8 d. for 24 Ib.? | 
ere as money is the thing 


And as 6s. 8 4. conſiſts of two 
names, they muſt be reduced to one 
15. 4 


3. 


6 8 
18365 12 
80 — 


——— H• 


5 80134 term. 
24) 146880 
I 


61204.=4th term. 


— 12)6120 
28 | 5 
24 2,0)51,0 ( 1as. 


48 25 C. 
48 54 


Q 


plied by the 3d, and the Product di- 
vided 


QutsrT. IV. F 20 yards of cloth, 
5 quarters wide, will ſerve to hang a 
room: How many yards of 4 quarters: 
wide will ſerve to hang the ſame 
room? | | 


Here yards of length are required ; fe 


then 20 yards muſt be the 3d term. 


976. gra. yds, 
4 —5 — 20 
5 

4 100 


Anſwer 25 yards, - 
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Here the 2d term being multi- 


the firſt, the quotient is 
ence; which being valued, 
gives 25. 105. 


Book J. 

Quksr. V. What will 420 yards 
of clath come to, at 145. 10 4 d. for 
1 ell Engliſh? | | 
The term ſought being money, 
the 145. 10 4 d. muſt be the 3d term, 
and be reduced to farthings; alſo 
the iſt and 2d terms are to be re- 
duced to quarters of a yard. 


Ell Eng. yde. 1. l. 
1 — 420 — 14 104 
8”. . 
5 4 12 
s 2680 - 1 139 
715. 4 
8400 | 715 far. zd term. 
11760 
5) 12012000 


|| 4)240240 farthings=4th term. | 


12)60060 pence. 


2, o) 500, 5 5 ſhillings. 

250 pounds. 

Abs ago „ 
The Diviſor 5 being a ſingle digit, 
the Quot. is written under the Divid, 

QuesrT. VI. A owes to B 463 J. 

but compounds for 75, G d. in t 
pound Hor much muſt B receive 
or his debt? 
Here compoſition money is the 
thing ſoughtz then the 3d term 
muſt be the compoſition money, 
viz. Js. 6 d. 


"of . 
1— 463 — 7 6 
90 12 
— — 
12) 4167066 o pence. 
29§, 0347˙2 (125. 
| 173 


48. As it will be more convenie 


| Antwer 173 4 124. 64. 


nt in moſt caſes to reduce ſuch num- 


bers, or terms, which conſiſt of ſeveral names, to the fractional parts of 
their greateſt name, than to reduce them to their loweſt name; therefore 
in the ſolution of ſome of the following queſtions, the inferior parts of the 


by Caſe IV. of Reduction; and the anſwers are 
OT oe” QuEsT, 


given terms are reduced 
valued by Caſe V. 


Ne 


Im- 
8 of 
fore 
the 

are 
ST, 
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QuesT. VII. If 8k, of pepper 
oft 45. 84.: What will 7 C. 3qrs. 
146. come fo at that rate? Fes 5 # 2.4rs. 14 1b, at «£ Ls, 64d. for 1 


w. (! C. weight : What did the whole come 
$ nm i 3 14 —4 8 to? | 
| . 12 


duct by 365, the Quotient will be 
the anſwer; and is 16. 55. 6d. 


= 
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 QuesrT. VIII. One bought 4 


FHhas. of ſugar, each containing 6 C. 


CC... Cen £0 
6 2 14— 286 


1 — 


1 6 | — 

28 882 lb. — Now 1 C. weight is 112 lb. 
— 56ũ ꝶ un And 4 Hh. at 6 C. 2. 14Ib 2 2968ʃb. 

262 — | Alſo 2 {. 85. 6d. is 582d. 
62 5292 | Then the Product of the ad and 3d 
— $4 | terms is 1727376. . 0 
882 Which divided by the iſt term 112, 
— $)49392 


3 


12)6174 6d. 


2, O) 5 1,4 | 145. 


„00 
Anſwer 25 £. 145. 64. 
Quesr. IX. What is the intereſſ 
of 584 {. for a year, at 5 per cent. 
per annum: Or at the rate of 5 V. 
far the uſe of 100%. for a hear? 
Here intereſt is the term required; 
therefore 5 /. the intereſt of 100 YL. 
is to be the 3d term: And as the 
4h term, or the intereſt of 584 ,. 


is greater than the 3d term; then 


the 2d term is to be greater than the 


iſt. | 

Li ; Le Le 

10 ꝙ By: m_ 5 

| 5 
1,00) 29, 200 See Caſe V. of 
| — Reduction. 

20 ä 
4.00 


| Anfwer 29 L. 45. 
QvesT. XI. What is the intere/t 
of 542 /.. 105. for 219 days, at 5 ,,. 
per cent. per annum? 
To ſolve this queſtion, find the 
intereſt for x: year; multiply this in- 
tereſt by 210, and divide the Pro- 


the Quotient is 15423 pence, whole 
value is 64. 55. 3d. 


QuesT. X. bat is the intereſt 
of 387 /. 125. for three years and 4 
months, at 32 per cent. per annum? 
Find the intereſt for 1 year; then 
thrice that, together with 3 of one 
year, will be the intereſt ſought, 


N Le £ 
100.—. %% 3 
W 
19380 
11628 


100) 1356,60 
13,566 for 1 year. 
„ 


40, 698 for 3 years. 
2. of 1 year=4,522 for 4. months. 
The ſum 45,220 is the intereſt. 


| Anſwer 45 L. 45. 5d. 

| QuesrT. XII. For how long muft 

487 {. 105. be at ſimple intereſt, at 

4+L.. per cent. per annum, to gain. 

954. 18. $d.? | | 
Find what will be the intereſt of- 

487 4. 10s. for 1 year; divide 95L. 


85. 34. by this intereſt, and the 
Quotient-wiltbe 4x; years, 


C4: Qrrse, 
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4 Quvesr, XIII. One bought 14 pipes 
of wine, and is allowed 6 months cre- 
dit: But for ready money gets it 6d. 


in a gallon cheaper: How much did 


he ſave by paying ready money? 
| Anſwer 441. 2s. 


 Quesr. XV. One bought 3 tons 
of oil for 153L. 9s. which having 
leaked 74 gallons, he would make the 
prime cot 7 the remainder e How 
muſt it be fold per gallon © 


Now 1 T. 252 Gall. And 3 T.-=756 


Subtract the gallons leaked 74 


PREY 


Remains 682 

. 
Then 682 — 1 —— 15345 
Anſwer 4s. 6 d. a gallon, 


Qvksr. XVII. Art 13/L. for 
I oF of goods What will 895 lb. 
come to, allowing 4 1b. upon every 
100 lb. for tret, or waſte? OY 

Since 4 1b. is to be allowed on the 
100 Ib. therefore 104 lb. is given 
for 100. : 


lb. lb. . 
Then 104 — 895 —— 13 


| Anſwer 111. 175. 64. 


Quesr. XIX. If 100 denn of | 
ſugar be worth 36 s. Bd. What wo 


'be the worth of 875 1b. rebating 4 0b. 
upon every 100 lb. for tare? 
Here the buyer has 100 lb. on 


paying for 961b. 
— SRP 
Then 100 —— 96 —— 875 


And the 4th term will be 840 lb. 

| Alſo 100 — 840 —— 1, 833333 
Then the 4th term will be 15L. 

$5. and fo much will the ſugar come 

to. * 


Qyksr. XIV. A clthier fold 50 
pieces of kerſey, each piece containing 
34 ells Flemiſh, at the rate of 8s. 
4 4. per ell Engliſh: What did the 
whole come to? ws | 
Anſwer 425 C. 


Quxsr. XVI. A broker ſald of + 
of a fhip for 147 {\. 115. 3d.: How 
much was the whole ſhip valued at? 
Now 5 of i == b by art. 38, 
For 2 * 3 , a new numerator. 
And 5 & 4==20, a new denominator. 
Alſo 147 C. 115. 34:=147,5025. art. 
0 | | 


40. | 
ſhare ſhare ” 


Then 0,3-—1—147,5625 art. 46. 


Anſwer 491 C. 175. 64, 


QuesT. XVIII. One has cloth, 
which coft 2.5. 8 d. a yard For how 
much muſt it be ſold a yard on 
months credit, to gain 25, per cent, 
per annum ? e 

mon. mon. 0. . 
Firſt 12— 3 — 25 — 6, 25 
Secondly 8 FR OR 


term will be found 24. 


Then 2s. 8 d. T 2 d.. 10d. a yard, 


the ſelling price. 


QuesT, XX. 4 chapman bought 
81 kerſeys for 135%. How muſt be 


cent? 


advanced to, at 15. per cent. 
Then this ſum divided by 81 will 
be the ſelling price of each piece. 


E40 Le 


Now 100 — 115 — 135 — 155,25 


| Anſwer 1 C. 185. 4d, a- piece. 


b 


By multiplying and dividing, the 4th | 


fell them per piece to gain 15. per 
Find how much 135. will be | 


Then 81) 155,25 (4, 916566. FI | 
QUEST. 


| Quesr. XXIII. A perſon wants 


3 & 5» 


Book I. 
Quesr. XXI. A merchant who 


is to receive a ſum of money, is offered 
Jucats at 6s. 4d. which are worth but 
6s. 21 d. or chequins at 8s. 2 d. each, 
that are worth but 8 s. By which 
\ſpecie will he fuſtain the leaſt loſs ? 


65. 21d.==7 A 2 | 
87. 05 4 —_ the real value. 


4 _ | The advan, val. 
r. val. ad. val. ad. val. 
6 97.55 
But the chequins are valued at 98 d. 


Therefore the ducats are moſt advan- 
tageous. . | 


r. val. 
Then 745 


750 pieces of foreign coin, each worth 
115. 44. 22 much will they come 
to, allowing the broker the worth of 2 
pieces upon every 100 f | 


Now 100 102 — 75 763. 
He muſt pay for 765 pieces, which 
will come to 433 . 10. 


— 


Quesr. XXV. A grocer bought 
41 C. of pepper for 15 ,. 175. 44. 
which proving to be damaged, he is 
willing to loſe 12 EL. per cent. For 
bow much muſt he 2 it a lb.? 


Since he is to loſe 124 per cent. he 
muſt take 87 £. 106. for 100%. Now 
diminiſh the 15 C. 175. 4 d. in this 
proportion, and this ſum divided by 
the pounds in 41 C. will give 7 d. for 
what each pound is to be ſold at. 


bs 


ARITHMETICK. 23 


QuesT, XXII. One who had fold 
a parcel of cloths at 2.5. Iod. a yard on 
3 months credit, found he had gained 
25 L. per cent. per annum: What did 
the cloth coft per yard? rg 


mo. ù⁰ :!:! 8 | 
Now 12 25—3——56, 25 
And 100 46, 25 2106, 25 C. 


Then . — 


The fourth term to which will be a 
fraction, the value of which will be 
2s. 8 d. which is the prime coſt per 
yard of the cloth. | 


- Quesr. XXIV. A gentleman 
would exchange 729 pieces of 4s. 24. 
each into ſterling money: How much 
will he receive for them, allawing the , 
broker 14. per cent, © 


| 4 

Now 1729 —0, 208333— 151, 875 
the Worth of the pieces. | 
Then 101,25—100—151.875—150 (. 
He will receive 150 C. for them. 


QuesT. XXVI. Suppoſe 42 gal- 
lons of honey be valued at 2 C. and the 
duty is 15 C. per cent. on this value, 7” 
and a drawback of 5 V. per cent. on 
the duty for prompt payment : at 
will the ready money duty of 672 gal- 
lons come to? 


FO nd 


Now 426. 6716. : „ 320. 
And 100% .: 15 .:: 32. : 4.8L. 
Alſo 100% .: 95 · : 4,8. 4.56“. LE 


Anſwer 4. 11 5. 22 d. 


The Rule of Proportion is of almoſt univerſal uſe in all buſineſs where 
computation is required ; as in buying.and ſelling, values of ſtocks and 
their dividends; the intereſt and diſcount of money; the cuſtoms and 
duties on goods, &c. But the deſigned brevity of this book will not per- 


mit farther illuſtrations. 
4 
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SECTION VIII. OF THE POWERS OF NUMBERs, | 


* 


AND OF THEIR ROOTS. I 


49. The PowER of à number, is a product ariſing by multiplying | 


that number by itfelf, the product by the ſame number, this produtt 


by the ſame number again, Sc. to any number of multiplications. _- 


50. The given number is called the firſt power or root. # 5 
The Product of the Iſt power by itſelf, is the ſecond power, or ſquare. 
The Product of the 2d power by the Iiſt, is the 3d power, or cube. 
The Product of the 3d power by the 1ſt, is the 4th power, &c. 
| Roots, or iſt power 1 2 3 4 CE ISS, . 8 9. 
Squares, or 2d power 1 4 9 16 25 36 49 64 8 
Cubes, or zd power 18 27 64 125 216 343 512 729 


Ex. I. II hat is the 2d power, or Ex. II. Mhat is the 3d power, ar 


fquare of the number 249 cube of 38? _ 
Now 38 * 38 21444 the 2d power. 
24X24=576 is the 2d power. - Then 1444 * 38 254872 the 3d power. 
The figure, or number, ſhewing the name of any power, is called the 
index of that power. | | 5 

Thus 1 is the index of the firſt power : 2 is the index of the 2d power; 
3 of the third power, &c. Alſo & is the index of the ſquare root; 3, the 
zudex of the cube root, Wc. | | 


52. Any number may be conſidered as a power of ſome other number. 


Thus 64 may be taken as the 2d power of 8, and the third power of 
6 bc, | A _— | 

53. The root of a given number, conſidered as a power, is a number 
which being raiſed to the index of that power, will either be equal to the 
given number, or approach very near to it. | 


54 Tio extract the Square Root of 4 given number. 


Rl 1 Begin at the unit's place, put a point over it, and alſo over 
every net figure but one, reckoning to the left for integers, and to the 
right for fractions; and there will be as many integer places in the root, 
as there are points over the integers in the given number. > 
The figure under a point, with its left-hand place, is called a period. 
2d. Under the left-hand period write the greateſt ſquare contained in it, 
and ſet the root thereof in the Quotient; ſubtract the ſquare, and to the 
remainder bring down the next period, as in Diviſion. = oo 
3d. On the left of this Remainder write the double of the Root or 
Quotient for a Diviſor; ſeek how-often this may be had in the Remainder, 


except the right-hand place; write. what ariſeth both in the Root, and on 


the right of the Diviſor. 


4th. Multiply this increaſed Divifor by the laſt Quotient-figure ; ſub-, 


tract, and to the Remainder bring down the next period.; double the 

Root for a Diviſor, and proceed as before. . | 
55. Fractional places will ariſe in the Root, by annexing. to the Re- 

mainders, periods of two cyphers each, ang renewing the operation. 


EN 


— 33 


— 


7 24681024 
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Ex, I. What is the Square Root of 1444? 
Put a point over the units place 4, and alſo 


over the place of 1008. 


Now the number con- 
ſilts of 2 periods, and will have 2 integer places 
in the Root: Then the greateſt Square in 14, 
| the left-hand period, is 9, and its Root is 3; 
write 9 under the period, and three in the Root ; 
now 9 from 14 leaves 5, to which annex the 
next period 44; the Root 3 doubled makes 6, 


| 1444 (38 Rot. 
Mi 

$44 

544 


— — 


68) 


which in 54 is contained 8 times, annex 8 to the 3 in the Quotient, and 
to the Diviſor 6, makes-the Root 38, and the Diviſor 68 ; then 8 times- 
68 is 5443 and there remaining o, on ſubtraction, ft may be concluded, 


5. 


that 38 is the*true Root. 
| 4. EY . of by 1 
Ex. Il. What is the Square Root 
if 36372961 12 N 4, N 
3 2 ; 
»» 24 


360g - : 4 


12061) 12061 | 


12061 X 1. 


— — — 


Ex. IV. bat is the Square Root 


— 


Anſwer 4968 


Ex. VI. bat is the Square Root 
of 76395820? 1 


- 


7639582008740, 4 
64 4 a | 
167) 1239 
W 
1744) 7058 
8 i. 6976 
174804 ) 822000 
" 699216 
17480dy ) 122784c0 
12236669 


_ 474809402 ) 48910000 
| 349618804 


| To ? 13 41 of 1,0008 ? ; ; 
| 36372961 (6031 Roof! | 


Ex. V. What is the$ 


% 
Ex, III. dat is the Square Root 
1,0509 ( 1,07 Root. 
203) 060g 
609 


— — 


— — 


guare Root 


of 911236798,794365% 
_ Anſwer 30186,699, CG. 


| 911236798,794366 ( 30186,6 
601) 1123 | f 
6028) 52257 
60366) 404398 
603726.) 4220279 

« $9793 


Co 


Here the products are omitted, the 


{ multiplication and ſubtraction being 


made in the mind. 


In the VIth Example, after all the 


| [periods given were brought down, 


there remained 8220, to which a pe- 
riod of two cyphers was annexed, and 


che operation renewed, and con- 


tinued until 4 decimal places were 


obtained in the Root; every period 


658291 J 96 


* 


brought down giving one place. 


85 56. To 
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66. To aura the Cube Root of 1 3 


Rurx iſt. Over the unit place of the given number put a point, and 
alſo over every third figure from the unit place, to the left for integer, 
and to the right for fractions; and the root will have as many integer 
places, as there are points, or periods, in the integral part of the given 


number. 


2d. Under the left hand period, write the greateſt Cube it contains, 
the root of which ſet in the Quotient: Subtract the Cube from the pe. I 


riod, and to the Remainder annex the remaining periods; call this the plac 


Reſolvend. 


34. To the Quotient annex as many cyphers as there were periods vide 


remaining ; call this the Root. 


ih. Divide the Reſolvend by the Root, add the Quotient to thrice the Na 


Square of the Root, let the Sum be a Diviſor to the Reſolvend, and the 


Quotient-figures annexed to the right of the firſt Root, without the cy. 
phers, will be the Cube Root ſought. | 


th. If the ſecond figure of the Root be 1, or 0; then generally 3 or 
4 figures of the Root will be obtained at the firſt operation : But if the 
| ſecond figure exceeds a, it will be beſt to find only two places at firſt, 

6th. To renew the operation; ſubtract the Cube of the figures found 
in the Root from the given number; then form a Diviſor, and divide 
as directed in the fourth precept; and this will give the Root true to 5 
or fix places: For each operation commonly triples the figures found in 


the laſt Root. 


«* £4 


another over the place of thouſands, 
and another over that of millions ; 
and becauſe there are 3 points, there 
will be 3 places in the Root.” Under 
the left hand period q, write $, the 
greateſt Cube in it, and its Root 2 


write in the Quotient, then ſubtract- 


maining, therefore two gyphers an- 
nexed to the Root 2 
by which dividing Ahe Reſolvend, 
the Quotient is 
is 40000, the triple 
0000 being added to goor, 


makes 129001 for a Diviſor, by which dividing 1800244, the Quotient 
is 14 nearly, and is taken as 14, becauſe it is much nearer to it than ta 
13; now 14 being annexed to the former Root 2, makes 2145 the Root 


tought, ; 
For 214X214 X214 =g800344. 


Ex. I. What is the Cube Root of 9800344. 
Put a point over the unit place 4, 


0 129001) 1 800344 14 


9800344(2 - 


18003,44 Reſolvend. 
go0t == Quotient, 
120000=thrice the Sq. of the R. 


2,00) 


I 29001 


510344 
5 16004 


The Ragt is 214. 
p * : 


— Ex. II. 
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Fun rie... 
abe Root of 518749442855 5 
51874940 6 : 
8, 00) 674944875 

843080 
3 722 192000000 P | 
1928435860 6749442875 (035 
e i... et 
964132475 | 
- n 964218400 ; „ 
In this example, becauſe 3 periods were remaining, and conſequently 3 


Ex. II. at is 1 


places more to be found; therefore in the laſt diviſion a point is put over the 
2d place from the right hand, and the Piviſor is firſt to be tried in the Di- 
vidend as far as this point, in which as it cannot be taken, o is put in the 
Quotient, Sc. here the laſt figure 5 is too much, but it is much nearer to 5 


than to 4.3 then 035 annexed to the firſt Root 8, makes 8035 for the Root. 


Ex, III. What is the Cube Root of 114604290,028 ? 


Here 480 is taken for the Root at the firſt operation. 


F * 
114604290,028 4 
64 N = 
4,00) 50504299 384 
1265 10 192 

| | 2304 

606510) 50604290 (8 48 
18432 

9216 


Then 114604290,028 (48 | | 
| . | 110592 


480) 4012290 The work of the Diviſion is ſuppoſed to be done 
— —— on a waſte Paper. . | 
$3589,9 the Quotient. 


691200 = triple the Square of 480. wiz. 230400 x 3. 


| Diviſor 6995 88,9) 4012290, 28 (6736 


. . 34977945 . | 
| To 48% the firſt Root, 
$144955 Add 5,736 
. 4896912 | 
— Sum 485,736 
248043 e 
209807 
38170 


$7. Here, inſtead of bringing down the figures of the Dividend tothe 
Remainders, the Diviſor is leflened each time, by pointing off a. place on 
he right ; but regard is to be had to the carriage which will ariſe from 
e places thus omitted. VVV . 
8 | 3 SECTION 
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SECTION IX. OF NUMERAL SERIES. 


[5 8. A rank of three or more numbers that increaſe or Bb 
by an uniform progrefion, is called a Numeral Series. 


59. If the Progreſſi on is made by equal differences, that is by the con. 
ſtant addition or fubtraction of the ſame number; the ſeries is called a 
Aritbmetic Progreſſion, 8 


| ä 9 2 increaſing by adding I, 
Thus 3 3 6 9 12 15 18 21 24.27 Cc. increaſing by adding 3, 
49 43 37 31 25 19 13 7 1 Sc. decreafing by ſubducting 6, 


Are ranks of numbers in Arithmetic Progreffion : And of ſuch ranks ther 
may be an infinite variety. | 


60. If the Progreſſion is made by a conſtant multi plication or diviſa 
with the ſame number, the ſeries is called a Geometric Progreſſion. 


, 8 g 2 3 16 gn” 64 Sc. increaſing by 25 

: 25 125 625 3125 15625 Sc. increaſing b 
FF 2187 729 243 81 27 9 3 Cc. decreaſing by z, 
. 16384 4096 1024 256 64 16 41 Tc. decreafing by 4, 
are ranks of numbers in Geometric Progreſſion : And of ſuch ranks ther 
may be an infinite variety. 


61. The common Multiplier or Diviſor is called the ratio. 
Thus 2 is the ratio in the I/ rank, 5: in the * rank, 3 is the ratio in tl 
34 rank, and 4 in the 4th 99 75 | 


— 
2 


62. In any fories of * in Arithmetic progreſſion, che ſum of an 
two terms, conſidered as extremes, is equal to the ſum of any two tern 
taken as means equally diſtant from the extremes. 


"Thus in 3 terms (where the 1/t and zd are extremes, and the other the nun 
vis. 6. 9. 12, then 6+12=9+g=18., 
Aud in 4 terms, wiz. 13. 19 25 31. 
Then 13 +31=19-+25=44- " þ 
Alſo in the terms 49. 43 + 37 31. 2519137 
Then 49+ 1==43+7=37 +13=31+1g=25+ ze. 


63. In a ſeries of terms in Geometric Progreſſion, the Produ of an 
two terms conſidered as extremes, is equal to the Product of any two in 
termediate equidiſtant terms conſidered. as means, | 


Thus in 3 terms, Viz. 5 . 25. 125. Or 3. 9. 27. 
Then 5 X125==25 X25=625, Alſo 3 & 27=9 Xg==81, 
And in 4 terms 4. 8. 16 . 32, | 


. © Then 32 X4=10 X8==128. | 8 
Alſo in the terms 1. 4. 16. 64 2 1024. 3 16384. 
Then 2 X4= e nnn | 
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64. In any Arithmetic n the ſum of any two terms leſſened 


by _ firſt term; or their difference increaſed by the firſt term, will be a 


| alſo in that progreſſion. 
creat term prog 


97 in the Progreſſion 1. 3-5 + 7 « 9. 11 * 13. 15 19. 21 Cc. 
Then 7 + 11==18, and 18—1==17 is a term of the Preanidhes | 
Sou! Ale Tt and 4+1=5 is a term of the N 


: | 
eln bs. Is any 8 Progreflion, the product of any two terms di- 


vided by the farſt term ; or the Quotient of any twp terms multiplied by 
the firſt term, will give a term alſo in that ſeries. | 


2 J in le Progreſſion 3 BY 12. 24. 48 . 96 . 192 384. 768 Se. 
s then Then 12 X96 | 7 
; — =384; and ls, are terms in the Progreſſion. 
ride 66. If over a ſeries. 4 terms in Geometric Progreſſion, be written a 
(cries of terms in Arithmetic Progreſſion, the firſt term of which is o, 
{ and common difference is 1, term for term; then any term in the Arith- 
15 metic Series will ſhew how far its correſponding term in the Geometric 
55 Series | is diſtant from the firſt term. 
3 ; | 
4, _ 75 88 3 & Sc, Arichinetls Series. 
s there Sar 27 81 243 729 Sc. Geometric Series. 
| Here 729 is diſtant from the 1ſt term, 6 terms; 243 1s diſtant 5 terms, 81 1s 
diſtant 4 terms. | + . | 
67. The terms of the Arithmetical Series are called indices to the 
o in thi terms of the Geometric Series. 
75 bus 5 is the index 10 243 3 3 is the index to 27; 1 is the index to 33 0 c. 
of an — 
; * 68. ProBLEM I. In an Arithmetic Progreſſion : Given the fir tern, 
the common difference, and the number of term. (en oo EO 
Required the laſt term. Crd OR 
e meas) 8 1 „ 


RULE. Subtract 1 from the number X: terms, multiply the l 


by the common difference; to the RY 4 the firſt term, and the ſum 
will be the laſt term. : 


S þ Ex. I. Suppoſe 1 and g to be PY firſt and berg terms an + Arithmetic 
t of a Progreſſion of 1074 terms: What is the 22 term? : of. 
two ins 


Here 9—1==8 is the com. diff. Now 1074—jut1073 | 

And 1073 X8=8584, Then 8584+ 1=85 85. alt derm, 4 

Ex. II. A perſon agrees to d. ſchargeg certain debt in in a z year, „ by 3 
payments, viz. the fir ff week 5 8. the. 2:wveek'8 5, &c. conſtantly erage ing 
each week by 35. How much Was, the laſt cio 2 | 


5=1ft. term. Now 5212 Ye 
| 3==com. diff. And $g1x3=153-:. 
6 jm of terms. Tacn 153+ Sol 58 — XK 18; —laſt Payment. 


69. PRxo- 


* 
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69. Wien IN, © Is ov Arithmetic Progreſſon Given the firſt * 


laſt term, and the number of terms. 
Required the ſum of all the terms. 


Rol E. Add the firſt and laſt terms cogent; * multiplied by half 
the number of terms, gives the ſum of all the ter 


. Reguired the ſum of the] Ex. II. A debt is to be d iſcharged 
firſt 1000 numbers in their natural [in a year by weekly payments e wall 
order, increaſing ; the 1/4 to be 5s. and the lf 


7 fo 18. How much was the 401“ 
Here t—ift term, 1 com. diff. | | 


loo Ns of terms, its 4 is 500. Here Wo . $4.81 58: aft term. 

Now 1000-+1=1001. 52==N® of terms, its 4 is 26. 

Then 1001 X 50022500500 is the ſum |Now 158+5=163. - 
18 Then 163 * 26242 385 2211 . 18. 


is the ſum of the terms; or de t. 


Ex. III. Suppoſe a "PW and 500 Do fine were placed 1 ina Ardight 3 4 
yard diſtant from one another : Required in what time a man could bring them 
one by one to the baſket, allowing him to walk at the rate of 3 miles an hour? 


Between the baſket and ſtones are 500 ſpaces, which is the number of terms. 
Now 500+ i= Then 501 X250=125250=ſum of the terms. 

But as he goes knee and forwards, he walks 250500 yards. 

Which divided by 1760 (the yards in 1 mile) gives 142,329 miles. 
Which at 3 miles an hour, will take 47 h. 26 min. 35 ſeconds nearly. 


70. PRoBLEM III. In a Geometric Progreſſion: Given the feof term, th 
ratio and the laſt term. 


Required the ſum of all the terms. 


RuLEe. Multiply the laſt term by the common tatio, from the Produ& 
ſubtra& the firſt term for a Dividend. 


Subtract 1 from the ratio for a Diviſor ; then divide; and the Quotient 
will be- the ſum of all the terms. 


Ex. I. Suppoſe the firſt term of a Gelb to be 3, the r 3, and the laft 
term bst: Required the ſum if all the terms, : 


Now 6501==laſt term, And g==ratio- 4 
_ Mult. by 3 =ratios Sub. 1 5 


| - 19683. Product Rem. 2=Divifor. 
—_—_. 3=firſt term, | 


| 19630=Dividend. 
Then 2) 19680(9840 is the ſum of all the terms. 


Ex. II. Let the firft term be 2; the ſecond term 15 and the laſt term 
156250: Required the ſum of all the terms, 


Here z) 10 (5 is the common ratio. 


Now 356250 K 5 2781250. And 7812 O—2==7812 8=Dividend. 
Alſo — £1 Diviſor. 9 8 | 


Then 4) 781248 (195312 is the ſum of all the terms. | 
71. PRO- 


the 


2 


2—1=1) 4294967295 the ſum of the 
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71. PROBLEM IV. In a Geometric Progreſſim : Given the A ft term, 
the ratio, and the number of terms, 
| Required the laſt term. 
RuLE 1ſt, Write down 6 or 7 of the leading terms in the . 
Series, arid over them their Indices. 
2d. Add together the moſt convenient Een to tacks an index leſs by 
unity than the number expreſſing the place of the term ſought. 
3d. Multiply together the terms of the Geometric Series, belonging to 
thoſe Indices which were added; make the product a dividend. 
2th. Raiſe the firſt term to a power whoſe index is one lefs than the 
number of terms multiplied ; make the reſult a Diviſor to the former Di- 
vidend, and the Quotient will be the term ſought. - 


Ex. I. Jt is the 12th term of a Geometric . the fir r/t term of 
which 1 is 3, and ſecond term is 6? 


6 


Now = ; = 2 is the common ratio, 


ang 1 4 6 Ec. Indices. — 
3.6. 12. 24. 48.95. 192 Cc. Geometric terms. - 


Then 6+5==1 1, is the index to the 12th term. 


And 192 X96=18432, is the Dividend. 


The number of terms multiplied together i is 2; and 2—1I=r, the power 
to which the firſt term 3 is to be raiſed ; but the firſt power of 3 is 3 


18432 


Then — 26744 18 the 12th term of the given ſeries. 


3 


Ex. II. 4 perſon being BYE to diſpoſe of a fine borſe 2 he would 22 
him on condition of having one farthing for the 1/4 nail in his ſhoes, two 
things for the 2d nail; one penny for the 3d nail; two pence for the 4th; "Shes 
four pence for the 5th; 8 pence for the 6th, &c. ; doubling the price of every 
nail to 325 the number of nails in the four ſhoes : How much would that 


' horſe be ſold for at that rate? 


Here the firſt term is 1, the ratio a, and the number of terms 32. 
Firſt. To find the laſt term. 


Now | !!! S244 7 8 Q. katie 


1. 2. 4.8. 16. 32. 64. 128. 256 Cc. Geometrie terms. 


And 31 1s the index to the 32d term. 


Then 8+ 8==16; 164 8=24; 24+7=31. 
The 1ſt term being 1, any power thereof i is 1; ſo the 4h article of the 
rule is uſeleſs in this queſtion. 


Now 256 256 2865 536 is the 17th term. 


65536 X256=16777216 is the 25th term, 
16777216 X 128=2147483648 is the 32d term. 


Then 2147453648 | 4 414294907295 5 
75758756 = 12/1075741823 4 3 * 
—1 the iſt term, 2 h ea foe nd - 36. 75 


| 4473924 2 59. | 
terms: or the price, in farthings, of | — _ vom 57. 334 
the borſe. . | 
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7 


two and ſome fraction: And fo of the other Indices. 
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SECTION X. OF LOGARITHMS. 

. LoGAaRITHMS are @ ſeries of numbers fo contrived, that 5 
= the work of multiplication may be performed by additi on ; and 
the operation of diviſion may be done by ſubtraftion. 


73. Or, Logarithms are the Indices t to a ſeries of numbers in Gene- 
trical Progreſſion. 


| E343 4 6 Ge. Indices or 1 

8 116 32 64 Ac. Geometric Progreſſion. 

53 f 8 4 * 5 Sc. Indices or Logarithms, 
1 81 243 Sc. Geometric Series. 

| 5 0 3 4 5 Oc. Indices or Logarithms. 
{a I 10 100 1000 10000 100000 c. Geometric Series. 


Where the {ame Indices ſerve equally for any Geometric Series, 

74. Hence it is evident, there may be as many kinds of Indices or Lo 
garithms, as there can be taken kinds of Geometric Series. 

But the Logarithms moſt convenient for common uſes, are thoſe adapted 
to a Geometric Series increaſing in a tenfold Progreſſion, as in the laſt of | 
the examples above. 

75. In the Geometric Series . 10. 100. 1000. &c. if between the 
terms 1 and 10, the numbers 2 . 3. 4. 5 6.7. 8. 9 were interpoſed, 
Indices might alſo be adapted to them in an Arithmetic Progreſſion, ſuited 
to the terms interpoſed between 1 and 10, conſidered as a Geometric Pro- 
greſſion. Moreover proper Indiees may be found to all the numbers that 
can be interpoſed between any two terms of the Geometrie Series. 
hut it is evident that all the Indices to the numbers under 10 muſt be 

leſs than 1; that is, are fractions: Thoſe to the numbers between 10 and 
100 muſt fall between 1 and 2; that is, are mixed numbers conſiſting of 
1 and ſome fraction: And fo the Indices to the numbers between 100 and 
1000 will fall between 2 and 3; that is, are mixed numbers conſiſting of 


706. Hereafter, the integral part only of theſe Indices will be called the 
Index; and the fractional part will be called the Logarithm : And the 
gomputing of thoſe fractional parts is called the — of Logarithms; 
the moſt troubleſome part of this work is to make the Logarithms of the 
prime numbers; that is, of ſuch numbers which cannot be divided by me 
other number than by itſelf and unity. 


7h. | To find the Logarithms of prime numbers, 


Rol 1ſt, Let the ſum of the propoſed number and its next leſs num- 
ber be called A. 
2d. Divide 0,868 588963 * by A, reſerve the Quotient. | - 


* The number o, 8685 88962 is the Quotient of 2 divided by 2.302585093» 
which is the Logarithm of 10, according to the firſt form of the Lord _ 
who was the inventor of Logarithms. The manner by which Nepier's Log. of 
10 is found, may be ſeen in many books of Algebra; but is here omitted, be- 

' cauſe this treatiſe does not contain the elements of that ſcience : However, 
thoſe who have not opportunity to enter thoroughly into this ſubject, had 
detter bee the truth of one number, and thereby be enabled to try the accu- 
racy of any Logarithm in the tables, than to receive thoſe tables as truly 

computed, without any means of. examining the certainty thereof. 
| | 34. Divide 


um- 


Book I. SRITFHMETICK 
3d. Divide the reſerved Quotient by the Square of A, reſerve this 
otient. = | N | 5 28 
th. Divide the laſt reſerved Quotient by the Square of A, reſerving 

the Quotient; and thus proceed as long as diviſion can be made. 

'5th. Write the reſerved Quotients orderly under one another, the firſt 

being uppermoſt. 5 0 | | 
6th. Divide theſe Quotients reſpectively by the odd numbers 1. 3. 5 

1.9. IT, Sc. that is, divide the firſt reſerved Quotient by 1, the 2d by 3, 

the 3d by 5, the 4th by 7, &c. let theſe Quotients be written orderly under 

one another, add them together, and their ſum will be a Logarithm. 
7th, To this Logarithm, add the Logarithm of the next leſs number, 
and the ſum will be the Logarithm of the number propoſed. | 


Ex. I. Required the Logarithm of the number 2. 


Here the next leſs number is 1, and z+1==3=A, 
And the Square of A 18'g. Then; N 


5 22 257289529654. And 2 28489529654 | 
0289529654 — 032169962. K ELLE 010723521 
DOC OR >: TH = 000714988 

222357 HE 000397160. & Ig _ 1000056737 
2:900397100 0000441 29. * Sete oooo0tges 
D 500004903. * — 3 
—_— A „ r eee 

| — #5 —,000000060. & = 000000004 

Tathis Low. - — 
Add the Log. of 1 , ooo 


Their ſum is the Log. of 2, 301029994 


This proceſs needs no other explanation than comparing it with the rule; 


That the manner of computing theſe Logarithms may be familiar to 
the Reader, the operations af making ſeveral of them are here ſubjoined, 


Ex. 1b, 


- > 
oy , ; 
„ — 
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Ex. II. Required the Logarithm of the number 3. on 
Tre the next leſs number is 2; and W whoſe Square is 25, 


0,868; 88963 17971 " 
Tr op LE 88 | 2 a en 
0,006948712__ | 277948 | 
3 277948. & ==,00805 5590 
0,000277943 11118. & 6 588 
| 25 8_ | ES. 7 | 
o, o oco1111 | 445 | 
F 27 445. & 9 c00000049 
- £,000900445 . 8 18 
5 8 & 3 7 12000000002 
To this Logarithm FG SR: 
Add the Log, of 2 ©, 301029994 
The ſum is the Logarithm of 3 0,477121252 


78. Since the Logarithms are the Indices of numbers conſidered in a 
Geometric Progreffion ; therefore the ſums, or differences of theſe Indices, 
will be Indices or. Logarithms belonging to the Products, or Quotients, 
of ſuch terins in the Geometric Progreſſion as correfpond to thoſe Lo- 
garithms which were added or ſubtracted (71). 


Ex. III. Required the Log. of 4. 


Now 4=2.X 2. | 
Then to the Log. of 2 


©,301029994 
Add the Log. of 2 


0,301029994 


Sum 1s the Log. of 4 o, 602059988 


— 


Ex. V. Required the Log of 10. 


In the original Series, 1 is aſſumed for 


the Legarithm of lc, 


— 


Ex. VII. Requires the Leg. of 8. 
Now 8=2X2.02. 


gives the Log. of the number 8. 
The Log. of 2 is 


Gives the Log. of 8 


, 301029994 
Which multiply by 3 


1 


Ex. IV. Required t the * of 6. 


Now IAN. 
Then? to the Log. of 3 0,477121252 
Add the Log. of 2 Ihr, ,501029994 


Sum is the Log © of 6 677815124 


m— 


— 


Ex. VI. Required the Log. of 5. 


Now 10 divided by 2 gives 5. 
Then from Log. of 10 1,000000000 
Take Log. of 2 0,301029994 


Leaves the Log, of 5 - 0,698970006 


* 
| Ex. VIII, Required the Log. f 9, 


Therefore the Log. of 2 wen thrice 


Now 


g=3 X 
Therefore the Log. of 3 doubled gives 
the Log of 5 
The Log. of 31 


O, 121253 
Which — * * * 1 


——— —_— 


©, ©,903089982 


. 


Giyes the Log. of 9 


Ex, IX. 


een 


CT, 
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Ex. IX. Required the Logarithm of 7. 5 
Here 6 is the next leſs. Then 7 11 — 3 28 169 Square of A. 
9858588983. 0668 145 36. And = _ I —,066814536 
1 2268 | 
6814536 2 | 
Wont = 1 67 = 395352. & = FG 131784 : 
0,000395 352 : 2339 \ 
— 2339 & : = 46 : 
0,000002339__ | 3 | | — 
169 4 2 2 
To this Logarithm - | 0,066946790 
Add the Logarithm of 6 0,778151246 


The ſum 1s the Logarithm of 7 | 0.84 5098036 


The Log. of 12 is equal to the ſum of the Logs. of 3 & 44 or of 2 & 6. 
The Log. of 14 is equal to the ſum of the Logs. of 7 & 2. I 


of 15 of 3&5. | 

of 16 of 4 & 4. or of 8 & 2. 
of 18 of 3 & 6, or of 9 & 2. 
of 20 


of 4 & 5, or of 10 & 2. 
79. The Logs. of the prime numbers 11, 13, 17, 19, are to be found 
as in the examples I. II. IX. and in like manner is the Log. of any other 
prime number to be found; but it may be obſerved, that the operation is 
ſnorter in the larger prime numbers; for any number exceeding 400, the 
firſt Quotient added to the Logarithm of its next leſſer number, will give 
the Logarithm ſought, true to 8 or g places; and therefore it will be very 
eaſy to examine any ſuſpected Logarithm in the tables. 


80. The manner of diſpoſing the Logarithms, when made, into tables, 
is various: But in this treatiſe they are ordered as follows: . 

Any number under 100, or not exceeding two places, and its Logarithm, 
are found in the firſt page of the table, where they are placed in adjoining 
columns; and diſtinguiſhed by the title Num. for the common numbers; 
and by Log. for the Logarithms. | | 

Theſe tables are at the end of Book IX. | 
p of number of three or four places being given, us Logarithm is thus 
ound, 
Seek for a page in which the given number ſhall be contained between 


the two numbers marked at the top, annexed to the letter N: Then 5 


right againſt the three firſt figures of the given number, found in the 
column ſigned Num. and in the column ſigned by the fourth, ſtands the 
Logarithm belonging to that number of four places. FL | 

If the number conſiſted of 3 places only; then theſe places found as 
— directed, the Logarithm ſtands againſt them in the column 
igned o. ; 7 = HE 


= Wd Thus, 


= | ARITHMETICE Sal 


Thus, to find the Logarithm of 5738. Seek for a page in which ſtands 
at top Ne 5200 to 5800; then in the column ſigned Ne find 573, right 
againſt which in the column ſigned 8 at top or bottom ſtands, 75876, 
which is the Logarithm to 5738, excluſive of its Index, | 


8x, A Logarithm being given, its number is thus found. 8 

Seek for a page in which the three firſt figures of the given Logarithm 
are found at top annexed to the letter L; then in one of the columns 
ſigned with the figures o, 1, 2, 3, 4, 5, 6, 7, 8, 9, find a number the 
neareſt to the given Logarithm; againſt this number in the column 
ſigned No, ſtand three figures; to the right of theſe annex the figure 
with which the column was ſigned at top or bottom, and this will be 
the number correſponding to the given Logarithm, not regarding the 


Index. 


82. All numbers conſiſting of the ſame figures, whether they be inte- 
gral, fractional, or mixed, have the fractional parts of their Logarithms 
the ſame. | | | 

If the following examples be well attended to, there will be no difficulty 
in finding the Logarithm to a propoſed number, or the number to a pro- 
poled Logarithm, within the limits of the table of Logarithms here uſed. 


Num. { Logarithms,. | Logarithms, Numbers. 

5874 3.76893 0,37 295 2, 360 
587.4 [276893 \ 1-2863 I 19,33 
58,74 1,70893 "251947 33997 
5-874 | 076893 3.75062 5632, 
0,5874 1,7689383 3018397 o, 0015 27 
, o5 874 2, 76893 2, 43020 4 ©0,02693 
0,005874 | 3,76893 1,85962 9,238 


83. A general rule to find the Index to the Log. of a given number. 
To the left of the Logarithm, write that figure (br figures) which eu. 
preſſes the diſtance from unity, of the higheſt-place digit in the given num- 
ber, —_— the unit's place o, the next place 1, the next place 2, the next 
lace 3, &c. | : 8 
5 When there are integers in the given number, the Index is always 
affirmative; but when there are no integers, the Index is negative, and is 
to be marked by a little line drawn above it: thus 2. 
Thus a number having TY 2. 3. 4. 5 Ec. integer places, 
The Index of its Logarithm iso. 1. 2. 3. 4. &c. | 
And a fraction having a digit in the place of Primes, Seeonds, Thirds, 
Fourths, Se. . LY 3 1 x OG 
Then the Index of its Logarithms will be 1. 2 . 3. 4 c. 
By the above rule, the place of the fractional comma, or mark of 
diſtinction, in the number anſwering to a given Logarithm, will be 
always known. | 


84. The more places the Logarithms conſiſt of, the more accurate, in 
22 will be the reſult of any operation performed with them: But 
er the purpoſcs of Navigation, as five places, excluſive of the Index, are 
ſuſicient, therefore the logarithmic tables in this treatiſe are not extended 


any farther £ 
rr 85. M UL: 


ok . 


ſtands 
right 
5876, 


rithm 
umng 
r the 
lumn 
Igure 
ill be 
> the 


inte. 


thms 


culty 
pr 05 
ſed, 


Log. of Divid. 558,9 is 2,74733 
Log. of Diviſor 6,48 is 0, 81157 
The Quotient is 86,25 1,93576 


The Quotient is 7.735 o, 8 8849 
f —— 


* 
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85. MULTIPLICATION BY LOGARITHMS;. 
Or, Two or more numbers being given, to find their Produtt by 


Logarithms. 


RuLE. Add together the Logarithms of the Factors, and the ſum is a 
Logarithm, the correſponding number of which is the Procuct required. 
+ Obſerving to add what is carried from the Logarithm to the ſum of the 


affirmative Indices. | 
And that the difference between 


— 


the affirmative and negative Indices 


are to be taken for the Index to the Logarithm of the Product. 5: 
Ex. I. Multiply 86,25 by 6,48. | Ex, II. Multiply 46,75 by 053275. 


86,25 its Log. is 1,93576 
6.48 its Log. is , 81157 


46, 75 its Log. is 1,06978 
0, 3275 its Log. is 1, 51521 


Product 358,9 274733 

Ex. III. Multiply 3,768 by 2,053 

and by 5087693. N : 

F n 3.768 its Log. is o, 57611 
2,053 0, 31239 

o, 007693 3.88610 

Product 0,05951 2,7460 


The 1 carried from the left hand 
column of the Logs. being affirma- 
tive, reduces 7 to 2. | 


Product 15,31 1,18499 


Ex. IV. Multiply 27, 63 by 1,859 
and by 0,7258 and by o, o3 591. | 


27,03 its Log. is 1,44138 
1,359 o, 26928 
0,7258 7586082 
0,591 2.55521 

Product 1,339 o, 12669 


Here 2 being carried to the In- 
dex 1, makes 3; which takes öff 


the 7 and 2. 


86. DIVISION BY LOGARITHMS. 
Or, Two numbers being given, to find how often the one will 


contain the other, by Logarithms. 


0 — 


RLE. From the Log. of the Dividend, ſubtract the Log. of the Diviſor; 
then the number agreeing to the Remainder, will be the Quotient required. 
But obſerve to change the Index of the Diviſor from negative to affirm- 


ative, or from affirmative to negative: And then let the difference of the 


firm. and neg. Indices be taken for the Index to the Log. of the Quotient. 
; When Ke — is borrowed in the left-hand place of the Logarithm, add 
it to the Index of the Diviſor, if affirmative ; but ſubtract it if negative; 


and let the Index ariſing be changed and worked with as before. 


Ex. I. Divide 5 58, 9 by 6,48. 


Ex. III. Divideo,05951 . 0007693. 
Log. of Divid. o, 5951 is 2.77459 
Log. of Diviſor o, 07693 is 3, 88610 


Ex. II. Divide 15,31 by 46,75. 


Log. of Divid. 15, 31 is 1.18497 
Log. of Diviſor 46, 75 is 1,6697 8 
The Quotient is o, 3275 1.51519 


Ex. IV. Divide o, 665 1 by 22,5. - 


Log. of Divid. o, 665 1 is 1, 82289 
Log. of Diviſor 22,5 is 1,35218 
The Quotient js o, 2956 | 2,47071 

| — — 
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EOF PROPORTION. 


rſt. State the terms of the queſtion (by 46) and let them be written 
. orderly under one another, prefixing to the firſt term the word 4s, to the 
ſecond To, to the third Se, and under them ſet the word To. | 
2d. Againſt the firſt term, write the arithmetical complement of its 
; rr See Art. 88. 
Againſt the ſecond and third terms, write their Logarithms. 

2 The ſum of thoſe three Logarithms, abating 10 in th Index, 
will be the Logarithm of the 4th term; which ſought in the tables, the 
number anſwering to it is the anſwer or term ſought. 

$8: The arithmetical complement of a Logarithm is thus found. Be- 
ginning at the Index, write down what each figure wants of , except the 
laſt, or right-hand figure, which take from 10. 
But if the Index is negative, add it to 9; and e with the reſt as 
before. | 


Ex. I. Find a fourth proportional Ex. II. Find a third proportional | 
number to 98,4 5 and 1,969 and 347,2 number to 9,042 and 4,821. 
As 98,45 its * Ar. Co. Log. 8,067 8 As 9,642 its Ar. Co. Log. g,o158; 


To 1,969 ; 0,29425] To 4,821 0.68314 
So 347.2 | 2.54058 So 4,821 0,8314 
To 6.944 LED ; 6.84161 To 2,411 „„ enn 


Ex. III. What will à gunner's Ex. IV. If 4 of a yard of clith 
pay amount to in a year at 2{. 125.|coft 1 of a guinea How many ells 


64. a month of 28 days? Engliſh for 3 L. 105.9, 

As 28 days its Ar. Co, Log. 8,55 284 As. 3 Guin.=14s. Ar. Co. 8 $5387 
To 365 days 2.56229 To 3 J. 105.=70s. 1,845 10 
80 21. 125. 6 d. 22, 625 /. 0, 41913 So 2 ell =6,6 | 1,77815 
To 34L- 4s 54 23122 Le 1,5 3426 To 3 ells, ©0,47712 


— —— — — 


2 Ex. VI. How many yards of ſbal- 
Ex, V. What number will have | 
the ſame proportion to 0,8 538 as loon of 4 ell wide will be enough to 


line à coat containing JE ells * I; 
= ? 2 
05,327 5 has to 050131 ard; wide ? 


As 0,0131 its Ar, Co. Log. 11.88273| 4, 2 * 1 yd. w.=0,9375 10,02803 


To 0,3275 7 2.51521 To 14 d 0424304 
So ©,8538 1.93 13680 34 x5 yd. 1. 4,375 o, 64098 
To 21,35 . 1.32930 To 84 yd. long 8, 167 o, 91200 


DS 


where w. ſtands for wide, I. for long. 


I ä 
— 
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l 1. ARITHMETICE, 


OF POWERS AND THEIR ROOTS. 
Number. ES.” 770 8 


RULE 1ſt. Seek the Logarithm of the given number. 
2d. Multiply this Logarithm by the Index of the propoſed power. 
zd. Find the number correſponding to the Product, and it will be the 
power required. = HD 1 
90. In multiplying a Logarithm having a negative Index, the Product 
of that Index is negative. DI | | | 
But the carriage from the Logarithm is affirmative. 
Therefore the difference will be the Index of the Product. h 
And is to be of the ſame kind with the greater, or that which was 
made the minuend. | | 


Ex. I. What is the ſecond power} Ex. II. JVhat is the 3d power of 


of the number 3, 874 the number 2,768? 
To 3,874 its Log. is ©,58816| The No 2,768 its Log. is 0,44217 
The Index 1s 2| The Index is | | 3 


The power ſought is 15,01 1,17632 The power ſought is 21,21 1,32651 


Ex. III. hat is the 12th power| Ex. IV. What is the 365th power 


of the number 1,539? - lof the number 2? | 

1,539 its Log. is 0,18724|2 Its Log. 1s | ©0,30103 

Ihe Index is | 12 | The Index is 365 
, b * — , ; . 2 — — 

The power ſought is 176,6 2.24688 . 1 


* —— _ 280618 
In the IVth Ex, the Index of the Product being 109, ſhews 90309 
that the required power will conſiſt of 110 integer places; of — 
which no more than 4 places are found in theſe tables; there- 109, 87598 
fore the number ſought may be thus expreſſed, 7515 []: 3 
That is, 7515 with 106 cyphers annexed. | 


Ex. V. What is the 2d power of| Ex. VI. What is the 3d power of 


the number o, 2857? : the number o, 7916? 

To 0,2857, its Log. is 1,45591 To 0,7916, its Log. is 1.89891 
The Index of 2d power 2|The Index of 3d power : % | 
The power 0,08162 ; 2,9 11 82 The power is 0,4961 1,69553 


Here, there being nv carriage] Here the carriage from the Pro- 
from the Product of the Log. the|du& of the Log. is 2; then the 
whole Product of the negative In- Product of the negative Index 7, 
dex is negative, vix. 2. viz. 3, being leſſened by 2, leaves 

- el the Index of the Product. 
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A number being given, to 2 any propoſed Root of it. 


'RuLE 1ſt. Seek the Logarithm of the given number. | 
2d. Divide this Logarithm by the denominator of the Index of the 


propoſed root. 


er number correſponding t to the Quotient will be the root. 
en the Index tothe Logarithm to be divided is negative, and leſs 


than the Diviſor, or Denominator of 


the root. Then 


Increaſe the negative Index by as many units, borrowed, as ſhall be 
equal to the Diviſor, and the Quotient will give 7 for the Index. 
Carry the units borrowed as tens to the left-hand place of the x: 
_ and then divide that Logarithm as in whole numbers. 


Ex. I. What is the Square Root of 
the number 1501? 


5 II. What is the Cube Root of 
the number 2121? 


57882650 
Root ſought 12,85 1, 10885 


—— — 


Root ſonght is 38,74 1.588 19 
Ex. III. What is the Root, of 

which 176,6 zs the 12th power © 

| 12)2,24699 

Root ſought is 1,539 O,1 8725 


Ex. V. What is the Square Root 
of the number o, oð 162 ? 


Log. of 0,03162, div. by 2) 2, 91180 


Gives Root o, 2857 to 1,45 590 


Here the Diviſor 2 tan be taken 


in the Index 2, and gives for the 
Quotient 2 I» 


the Diviſor 3 will go: 


Ex. IV. IWWhat is the Root, of 
which 2 is the 365th power ? 


365) 0, 3010j 


— — 


©,0008z 


Root ſought is 1,002 


Ex. VI. What is 1 Cube Rat 


of the number o, 496 
Log. of 0,496 div. by 357 69548 
Gives Root o, 7916 to 7, 89849 


Here the Diviſor 3 cannot be 
taken in the Index ; then 2 bor- 
rowed makes with 1 15 33 in which 
the 2 bor- 
rowed carried to the 6, &c. makes 
269548, which divided by 3, gives 


END or 


89849. 


%, 
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"BOOK IK 


OF GEOMETR Y. 


SECTION-L 


. Definitions and Principles. 
1. FYAEOMETRY is a ſcience which treats of the deſcriptions 
properties, and relations of magnitudes in general : That is of 
things in which length, or length and breadth, or length, breadth, and 


thickneſs, are conſidered. 


2. A PoINT is that which has neither parts nor dimenſions. | | ' 


3. A Line is length without breadth :- It is called a 
RicnT LINE when it is the ſhorteſt diſtance between 
two points, as AB: Or a Curved LINE when it is 
not the ſhorteſt diſtance, as cp. 

A line is uſually denoted by two letters; viz. one at each 
end, as AB or CD. | | 


4. A SUPERFICIES or SURFACE is that magnitude 


which has only length and breadth, and is bounded by 
lines: as FG. | 

5. A SOLID is that magnitude which has length, 
breadth, and thickneſs. | 


6. A FirGuRE is a bounded ſpace, the limits or baunds 


of which may be either ines or furfaces. 

7. A PLANE, or a PLanx FIGURE, is a ſuperficies 
which lies evenly, or perfectly flat, between its limits, 
and may be bounded by one curve line; but not with 
less than three right lines, as A, B, c D, or E, Oc. 


8. A Se is a Tru FROR bounded * an uni- 
 formly curved line, called the Circumference, as aBD, 
which is every where equally diſtant from one * 3 
within the figure called the CenTER. _ 


g. A Rapzvs is a right line drawn from. the e | 
to the circumference as CA, CD, or cx. | 


Al the radii of the ſame circle are equal. 


10. An Anxc is any part of the circumference, | 
As the arc AB, or the arc AD. 


11. A Cnorn is a right line; joining the ends of an arc, as AB, and 
is ſaid to ſubtend that arc; it divides the circle into two parts, called 
SEGMENTS. 

12. A Dial ran is a 0 — through the center, as DR, and 
divides the circle into two equal parts, called SEMICIRCLES. 

13. The CIRCUMFERENCE of every circle is ſuppoſed to be divided 
into 360 equal parts, called DEGREEs ; each degree into 60 equal parts, 
2 MinuTEs ; each minute into 60 equal parts, called SECONDS, Oc. 

14. A PLANE ANGLE, i is the inclination of two lines | 
on the fame plane meeting in a point, as ACB, _ | 

A right lined angle is formed by two right lines. 
The point where the lines meet is called the _—_ 
point, as o. 

The lines which form the angle are called legs. 

Thus CA and CB are the legs of the angle ACB. 


An Angle is uſualh marked by three letters, viz. one at : 
the angular point, and one at the other end of each leg; but 
that at the angular point is always to be read the . 5 
letter, as Ac, or BCA, 8 

15. The meaſure of a right liried angle is an arc, 
as BA contained between the legs Cs, Ca, including 
the angle, the angular point C being the center of that 
Arc. 

6. A Rio ANGLE is that, the meaſure of which 
is a fourth part of the circumference of a circle, or 
ninety degrees. Thus the angle Ach is @ right angle. 

17. A PERPENDICULAR is that right line which _ 
cuts another at right angles; or which makes equal 
angles on both ſides. us DC is perpendicular * —_ D 
when the angles DCA and ocz are equal, or are „ 
angles. 

18. An AcurE ANGLE, as Ack, is that which | is leſs 
than a right angle Dcs. 


19. An OpTuss ANGLE, as Ero, is that which is 
greater than a right angle HFG. 


Acute and 10 angles are called OzLiQue AnGLrs. 


8 
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? 
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20, PARALLEL möns, are right lines in the ſame 
plane, which do not ineline to one another, as AB, 
CD. 
21. A TRIANGLE is a plane figure bounded by 
three lines, 


which the three lines, 'or ſides, are equal, as Aa. 


only two. equal ſides, as B or c. 
24. A RIGHT ANGLED TRIANGLE, ; as ABC, is that 
which has one right angle B. 


25. An Osrusz ANGLED TRIANGLE, as DEF, has 
one obtuſe angle E. 

26. An ACUTE ANGLED TRIANGLE, as G, has all 
its angles acute, 


27. A QuaDRANGLE, or QuavartaraRAL, i is a 
plane figure bounded by four right lines, or ſides. 

4 Olacfangle i is uſually expreſſed by letters at the op- 
poſſte angles. 


poſite fides of which are parallel and equal, as p. 

29, A RECTANGLE is a parallelogram with right 
angles: and in which the length is greater than its 
breadth, as R. 


equal ſides and right angles, as s. 


2 of which are not parallel, as T. 


AB, Ge from one angle, to its oppoſite angle, 
33. The BASE of a hgure, is the line it is ſup- 
poſed to ſtand on. 


perpendicular diſtance AB, between the baſe and the 
vertex, or part moſt remote from the baſe. - 


or correſpond, with one another, | in every reſpect, 


36. A TANGENT to a circle is a right line, as AB, 


tad. 


22. An EQUILATERAL TRIANGLE is that in 


23. An IS0SCELES TRIANGLE is that which has 


28. A PARALLELOGRAM is a quadrangle, the op- 


30. A SQUARE- is a parallelogram having four 
31. A TRAPEZIUM is a quadrangle the oppoſite 
The DIAGONAL of a quadrangle, i is a line, oY 


34. The ALTITUDE or HEIGHT of a figure, 1s the 


35. Cox oR vous Figures, are thoſe which agree, 


touching its circumference, but not cutting; and the 
point c, where it * is called the Peint of cone 


46 GEOME T RT. 
37. An ANGLE, BAC, in a Segment, CADB, is 4 
when the angular point is in the circumference of the \,, 
ſegment, and the legs including the angle paſs through 
the ends B and c, of the chord of the ſegment. 
Such an angle is ſaid to be ina circumference ; and to B Jo 
fand on the arc, BC, included between the legs, AB and | 
Ac, of the angle. 

38. Right lined figures, having more than FINE b. are called Pubs 
gons; and have their names from the number of their angles, or ſides; as 
thoſe of five ſides are called Pentagons ; of fix ſides, Hexagons ; $ of fore | 

ſides, Heptagons ; of eight ſides, Octagons, &c. 


39. A regular Polygon is a figure with equal ſides and equal angles, 


40. A figure is faid to be inſcribed in a circle, when all the angie of 
that figure are in the circumference of the circle. | 


41. A figure is ſaid to circumſcribe a circle, when every ſide of the 
figure is touched by the circumference of the circle. 


42. A Propoſition is ſomething propoſed. to be conſidered ; and requires 
Either a ſolution or anſwer, or that ſomething be made out, or proved. 


A Problem is a practical propoſition, in which nn is propoſe 
to be done, or effected. 


A Theorem is a ſpeculative propoſition, or rule, in which ſomething i 
affirmed to be true. 


A Corollary is ſome concluſion gained from a 1 propoſition. 


A Scholium is a remark on ſome propoſition ; or an exemplification of 
the matter which it contains. 


% 


An Axiom is a ſelf-evident truth, or principle that every one aſſents to 
upon hearing it propoſed. 


A Poſtulate is a principle, or 3 requeſted ; the ſimplicity or 
reaſonableneſs of which cannot be denied. 


In Mathematics, the following Poſtufates and Axioms, are ſome of the 
principal ones that are generally taken ſor granted, 


When a propoſition, from ſuppoſed premiſes, aſſerts ſuch ſuch con- 
ſequences; and ſubjoins, And the contrary : it is to be underſtood, that 
if the conſequences. be aſſumed as premiſes ; then what were firſt taken as 

prenfiſes, would become conſequences, 


Thus, in Article 95, it is premiſed, that if two parallel right lines art 
cut by another right line, there reſults this conſequence ; The alternate 
angles are equal. And the contrary means; that where equal alternate 
angles are made by a right ling _— two other right lines; the right lines 
ſo cut, are Naa lines. 
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Poſtulates. 


13, I. That a right line may be drawn from any giyen poiüt to an- 
other given point. | 4 | 

44. II. That a given right line may be continued, or lengthened at 
pleaſur Co | | | | | | 2 


45. III. That from a given point, and with any radius, a circle may be 
deferivo. EE e , 


\ 


Axioms. 
46, I. Things equal to the ſame thing, are equal to one another. 
47. II. If equal things are added to equal things, the ſums or wholes 


| will be equal. But if unequals be added, the ſums are unequal. 


48. III. If equal things are taken from equal things, the remainders, 
or differences, are equal: but are unequal], when unequals are taken. 


40. IV. Things are equal which are double, triple, quadruple, &c. or 
half, third part, &c. of one and the fame thing, or of equal things. 


50. V. Things which have equal meaſures, are equal. And a f 
trary, | DS > | . — 


51. VI. Equa lcircles have equal radii. 


52, VII. Equal arcs in equal circles have equal chords, and are the 
meaſures © equal angles. And the contrary. e 


53. VIII. Parallel right lines have each the ſame inclination to a right 
line cutting them. | | 


In what follows, it is to be underſtood, that right lines (viz. ſtraight 
lines) are drawn by the edge of a ſtraight ruler: circles or arcs, are da- 
ſcribed with one foot of a pair of compaſſes, the other foot reſting on the 
point which is taken for the center; and the diſtance of the feet, or points, 
of the compaſſes is taken as the radius: alſo, that the point marked out 
by a letter is to be underſtood, when the reference is made to that letter, 


54. It is alſo taken for granted, that a line os diſtance can be taken he- 
tween the compaſſes, and may be transferred or applied from one place to 
another. Alſo, that one figure can be applied to, or laid upon another, 
or conceived to be ſo applied. | 


Ia any problem, when a line, angle, or figure is ſaid to be given; that 
line, angle, or figuce muſt be made, before any part of the operation is 
performed, | 25 e | . Vo 
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| Geometrical Problems. 
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55. „„ pROBLEMLI. | 5 
To biſect, or divide into two equal parts, a given ths AB, 5 g 
| OrERATION. iſt. From the ends A and h „ "46 | 
with one and the ſame radius, greater than half 0 8 - 
AB, defcribe arcs cutting in c and p. 5) 
2d. A line drawn from C to D, gives E, the middle —— a , 
of AB, as required. es AK. 
The proof of this operation deperids on n 20 
101, 99. AD : 6 
56. | PROBLEM . 


To biſect q given right lined angle ABC, 
OrrxATION. 1ſt. From B, deſcribe an arc Ac. 
2d. From A and c, with one and the ſame 2 
Ueſeribe ares cutting in - 2 «8} | 
3d. A right line drawn from B to D will divide the 
angle into two equal parts, as required. 
The proof depends on article 101. 


57. PROBLEM III 


From a given point B, in a given I line AF, to draw a right lin fer- 
pendicular to the given line. 


CAsE I. When s is near he middle of the ; "oa | 
| OytRATION. 1ſt. On each fide of B, take the + þ 
equal diſtances Bc, and BE. (54) | 
2d. On c and E * deſcribe, with the ſame 771 
arcs cutting in p. _— 
34d. A right line drawn rough B and D 5 
the perpendicular required. ä (43) 
The proof depends on article 103, | 


58. Cage II. When 8 is at, or near. the out o th " ö = n line. 
OrxzrATION. iſt. On any convenient point c, | 

taken at pleaſure, with the diſtance, or radius 7788 8 

deſcribe an arc DBE, cutting AF in p and B. (45 | _— 58 : 
2d. A line drawn through D and c will cut 2 | 

this arc int. . 2 TERS. 
yd. A right tire drawn through B and L will = og 

be the perpendicular required. £5 He Rl 

| Thi . on article 1 30. 


: * s — 2 — 
— * * * 


0 That! is, feſt Jeforibe an arc from one point; Sig" deſc we pre arc en 
the other point wich the lame Og of 1 compaſſes. ; : 
| 59. PRO- 
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99 r PROBLEM IV. 


Jo draw a * perpendicular 10 4 given right ne AB, from a beſet c | N 
without that line. | 5 


Cask I. When the point 0 is —_ oppoſite to the 
middle of the given line. | 

OPERATION. Iſt. On c, with one radius, cut . 
ag in D and E.. 60 
2d. On D and E, ih one radius, deſcribes AFCS - © 
cutting in F. 5) 

A line drawn from c to F will be the perpendicu- 5 
lar require. | - 


This depends an articles 101, 99. 2 Vp . 


| 


bo, Cass II. When C is nearly este te to one + ind of the given line AB. 
OPERATION. iſt. To any point D in AB, draw 


R 0 
the line o. 155 7 © of | 
ad. Biſect the line co ins. (55) * . ; ; 
za. On x, with the radius Ec, cut AB in G. EN BY ö 
b Then c being drawn, will be the perpendicular + off N. F | | 
. required. | 1 | 
— \ | This depends on article 130 % 44 
5 61. . PROBLEM v. . | 
e per- To riſe or divide into three equal parts, a be angle Age. 5 
OrERATION. iſt. From B, with any radius BA, C 
deſcribe the are Ac, cutting the legs BA, BC, in A, c. 
2d. From A, with the radius AB, cut the arc Ac in ; 
x, and from c, with the ſame radius, cut ac in D. 5 
3d. Draw BE, BD, and the angle ABC will be £ 
2 into three equal parts, I 
This <a on article 193. 9 
8 
* 62. CER. PROBLEM. VI. 


AM a given point D, to make a right lined * equal to a given right 
lined angle ABC. - 


OrERATION. my F. rom D and B, . the ſame 
radius deſeribe the arcs Ex, and Ac, cutting the legs 
of the given angle in the points A, C. 
ad. Transfer the diſtance Ac to the arc E r, from 
„ (54) 
3d. Lines drawn from v, through E and F, will 
orm oy angle EDF 5 equal to the angle Ac. 
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63. PROBLEM VII. 6 
| | To draw a line parallel to a given right line AB. | 
Cask I. Yhen the parallel line is to paſs through a: i given point, 0. 
uf rn. 1ſt. From c, with any convenient 5 e 
radius, deſcribe an arc DF, cutting AB in 59A. 
2d. Apply the radius c from Þ to E; and from \ a 
E, with the ſame radius, cut the arc Dr in rx. E 5 | 
3d. A line drawn through F and 0 will be pa- 8 ſ 


rallel to AB. 
This depends on article 101, 95. 


64. CASE II. ben the parallel line i is to be af hs given di i/lance e frm. AB. 


OrERATION. iſt, From the points A and B, > 
with the radius c, deſcribes arcs p and E. 
EY - 24d, Lay a ruler to touch the arcs D and E, aid * 
| line drawn in that poſition is the parallel required. ——————— 
This operation is mechanical. : 4A _ 2 


5 65. PROBLEM VIII. | 
1 þ © Upon a given line AB, to make an equilateral triangle. | 7 Ne 


OreRaTION. 1ſt. From the points A and 35, — E 
with the radius AB, deſcribe arcs cutting 10 JFF. 
45 4 
2d. Draw CA, CB, and the figure ABC . the 
triangle required. (43.) 
The truth of this operation is evident; i: the 
ſides are ras of equal circles, 


ö 


el 


66. By a like operation, an Iiſceles triangle 
DEF may be conſtructed, on a given baſe DE, with 
the given equal legs DF, EF, e greater, or leſs, 
than the baſe DUS. 


67. PROBLEM IX. 


To make a right lined triangle, the ſides of which ſhall te eta MY 
either to thoſe K given triangle ABC, or to three given lines, 1 ay 
two of them taken together are greater than the third. ; = 

OPERATION. 1ft. Draw a line DE equal to the 
line AB. 54 | 

2d. On p, with a radius equal to AC, deſcribe _ 
an arc F. * (45) - 0 1 _ 
3d. On =, with a radius equal to Bc, deſcribe — - BOK 
another _ cutting the former are in r. (457) ... i 

4th. Draw rp, Fx, and the triangle r DFE will be 
Gat required, | 


2 


52 


LOS 


" Wh 


| 3d. Draw DC, DA3 and the Bgure ABCD is the 


nook l GE OMETXE + i 


"2 > S$RODLEMX 
©, Upon a given line AB, to deſcribe a ſqudrt. > 
OERATTON. iſt. Draw BC os Cane at eG 


equal to 2. e 
2d. On. A and C, with the radius AB) deſcribe 4 


arcs cutting in D. - (45) \ - 


ſquare required, | * N 
This depends on articles 10 r, 104, 9 55 30. . 
bg. 5 PROBLEM XI. A 187 
To deſeribe a rectangle who of 2 length ſhall be equalto H 


B 
a given line EF, and breadt equal to another given I_A—_—) 
line 6s. ; : 
OPERATION. Iſt. At E and F erect two perpendi- | 1 
: VO 


culars, EH and Ff, each equal to the given line o. hq 
2d. Draw H1, and the figure Erik will be the 
rectangle required. 
This depends on articles 29, 101, 104, 95. 


. PROBLEM XII. 

To find the center of a circle. 
OPERATION. 1ſt. Draw any chord AB, 
29, BiſeQ AB with the chord cp. (55) 
za. Biſect cp with the chord Er, and their in- 

terſection q will be the center required. 
This depends on article 12.5. 


"I. | PROBLEM XIII. | 

To divide the circumference of a circle into two, four, eight, ſixteen 
thirty-two, c. equal farts. 

OPERATION. iſt; A diameter AB divides the 4 _ . 
circle into two equal parts. (12) gg 

2d, A diameter DEF, perpendicular to AB, Gyides & 
the circumference into four equal parts. 

zd. On a, d, B, 'deſcribe arcs cutting in a, b; ab= 
then by the interſections a, ö, and the center, the 
diameters Fo, HI, being drawn, divide the circum- 
ference into eight equal parts; and ſo on by conti- 
nual biſection. | 


= at each operation, the W ares are biſefted, and the parts i doubted, 
PR OB L E M MV. 


75 d, gerile a circle, the circumference of which ſhall paſs through three | 


gtven points A, B, c, provided they do not lie in one right line. 
OPERATION, 75 Biſect the diſtance CB — b 

the line p. (55) NJ 
2d, Biſect the diſtance AB "with the line r. 
3d. On n, the interſection of theſe lines, with 

the diſtance to either of the — points, deſeribe 

the yh required, _ 

is depends on article 12 * 


— * 
ES 


LES 


on; + — 


„„ 


4 


1 
1 


— 


* 


* 


which biſect in 3. 15 


75. PROBLEM XVI. HS 


LY 


OO PROBLEM xvii. 


renn, 


73. £2 PROBLEM XV. 


To draw a tangent to a given circle, that ſhall paſs through: a given n pin x, 


CAsk I. hen A is in the circumference of the circle. 
OrerxaTION.. iſt, F rom the center c, draw ed 
radius Aa. — AAR} -* 
2d. Through 4 draw BD perpendicular to CA 
( 5035 and 8p is the tangent required. 
T bs depends on article 126. 


74+ Case II. Mhen the given bee A is without the given n circle 
OrtraT1on. rt. From the center c, draw Cc, . 8 | 


2d. On n, with the radius BA, cut the given 
circumference in D. 

3d. Through p, the line Ak being N will 
be the tangent required. 

_ This depends on articles 130, 126. 


To two given right lines A, B, to find a third proportional. ; 


"FBI £5 iſt. Draw two right lines mak- A rye 
ing any angle, and meeting in a. 8 | 
2d. In theſe lines, take ab=firſt term, 4 ac, 
ad, each equal to the ſecond term. I 
3d. Draw zd, and through c, draw ce parallel 3 
to bd; then ae is the third proportional ſought. 4= e : © 
And ab: ac: : ad: de . of 
| This depends on *. 16 3. 


T three given right lines A, B, ca to find 27225 3 
OPERATION. 1ſt. Draw two right lines mak — — 
ing any angle, and meeting in à. — 
2d. In theſe lines take ab=firſt term, 4 
cond term, and ad third term. 
3d. Draw bc, and parallel to it, through 2 
draw de; then ae is he fourth PURI re- 
quired. f 
And ab: ac: : ad: ae. 
Tbis 2 en article 165. 


1 > 


r — 
— 22 


—C 


[is ak is tive end: ab is to ac, as ad is to as, 2 
. +) ſanding fox i 10 and the changer ( 745 


— oe | | 77. 225 


* 


J B. |; 


Tv... PROBLEM XVII 


then ae is the mean proportional required. 


A; ſo BD will be equal to a, and alike divided, 


Book II. GEOMETRY. 


Between two given right lines &, B, to find a mean T 
OrPgRATION. iſt. Draw a right line, in which 
take ac A, ab=B. 
2. Biſect bc in F (55); and on F, with we m- 
dius Fb, deſcribe a ſemicircle bec. _ 
zd. From 4 draw ae perpendicular to bc (57); 


And ac: ae:: ae: ab. 


This depends on article 171. 


78. 7 ROB L E M XIX. 
To n @ given AS) in the ſame proportion as a given line A is divided. 
OrERATION. fſt. From one end B of Bc draw 4 
BD, making any angle with vc. B 
2d, In BD apply from Bj the ſeveral diviſions of 


| 
| 


N 
F, 
4 


A —m—m— 


zd. Draw cp; then lines drawn parallel to cd 
through the ſeveral diviſions of BD, will divide the 


line Bc in the manner required 
This depends on article 165. 2 | i 
79. C K 55 


To * a given right line AB into a propoſed — of . farts | 
(ſuppoſe 5 5 
R ft, From A, one end of AB, s ä 
draw AB to make any angle with A8; and from 
r, the other end, draw Br, making the angle ABF 
equal to the angle BAE. 462) 

2d. Begin at A and B, and ſet off, on theſe lines, 4 
as many equal parts, except one, 8. AB is to be di- 
vided into, vis. 1, 2, 35, 4, 57 6. . , il bt SH 

za. Lines drawn from 1 to 6, 2 to | # 3 to 4, 4 «os 
Sc. will divide AB as was required, . 2 N e . 

This depends. on article „„ „„ 


+ other Method. 
OPERATION. aſt. Through one end Ay draw a 
line cc nearly perpendiculat, to AB, Bd 
2d. Draw EF parallel to AB, at any convenient WIS 
diſtance, _ : SN 
3d. In EF take, of any ae: as many equal AE 
m as AB is to be divided into; as I 25 35 4 55 * 7 
to F. ; 
4th. Through B and , where the diviſions ter- 
minate, draw BC, meeting CC in o. 
5th. Lines drawn from c through the ſeveral diviſiong of EF, will; cut 
AB into the equal parts 8 
Note, If the ſum of the diviſions from E to ꝝ chance to be leſs than AB, 
the point c, and the line Er, will be on the ſame ſide of AB; but if greater, | 
e falls on the . ſide. - 


S 3 .- 61, PRO B. 


of them are to make an inch. 


a: GEOMETRY. Bock h 


87. P ROB L E M. XXI. 


A 


To make Scales of equal parts. 


OpEkRATTON. 1ſt. Draw three lines, 'a, B, c, parallel to one another 
and at convenient diſtances, ſuch as are here expreſſed. _ 3 
2d. In the line g, take the equal parts, cb, bc, cd, da, &c. each equi 
to ſome propoſed length. r : 
3d. Through c, draw the line pe perpendicular to ca; and parallel to 
DE, through the ſeveral points b, c, d, a, &c. draw lines acroſs the thre 
parallels A, B, c; then are the ſpaces or diſtances cb, bc, ca, &c. called 
the primary diviſions. 5 . | | s 
Ath. Divide the left-hand ſpace into 10 equal parts (80), and through 
theſe points let lines, parallel to pe, be drawn acroſs the parallels Bc; and 
the primary diviſion ch will be parted into Io equal ſpaces, called ſubdiviſions, 
th. Number the primary diviſions from the left toward the right 


beginning at c, and the ſcale is conſtructed, 1 ; 


D 


2 = — So 
. Rn 2 


7 


Such Scales are uſeful for conſtructing figures, the fides of which are ex- 
preſſed in meaſures of length ; as feet, yards, miles, &c. Or to find the 
meaſures of the length of lines in a given figure. | | 
Thus a line of 36, or 360, feet, yards, &c. is taken by ſetting one 
point of the compalics on the third primary diviſion, and extending the 
other point to the ſixth ſubdiviſion : and fo of others. | 

In theſe Scales it is uſually ſuppoſed, that an inch is divided into ſome 
number of ſuch parts, as are expreſſed by the ſubdiviſions. | 


82, To find the diviſions of a Scale of equal parts, when any given number 
Es 

OPERATfoN. 1ſt. Make a Scale ca, where the primary diviſions ſhal 
be each one inch; let pc be at right angles to ca, and the left-hand ſpace 
cb be divided into 10 equal parts, and draw Db from any point D. 

2d. Draw DH, making with Dc any angle; and make pic. 

39. Take the number of parts propoſed in an inch, from the Scale ca, 
and apply them from p to n, in the line pe, continued if neceſlary, 

4th. Draw ui, and co parallel to a1; and make Dr D. 

Sth. Through r draw rs parallel to ca, cutting pb in, :; then rt will be 
one of the primary diviſions, containing 10 of the parts the inch was to be 
divided into, ET, 4 | | | 


th. Lines drawn from p to the diviſions of ob, divide rt into 10 equal 


parts. | 
. „ nen 


Book II. 


G EOM ETX. 
83. 1 PROBLEM XXII. : | 
T1 divide the circumference of a circle into degrees; and thence to make a 
Scale of chords. OE © 5 3 
OPERATION. Iſt. Deſcribe the ſemicircle aBD, the center of which 
is c, and draw CD at right angles to AB. | | 


2d. Triſe&t the angles ACD, DCB, in 
by trials, divide the arcs Aa, ab, by, Dc, cd, dB, each into three equal 
parts, and the ſemicircumference will be divided into 18 equal parts, of 
10 degra eſs > 1 # 3 a 

zd. Theſe arcs being biſected, will give arcs of 5 degrees: | 

4th. And theſe ares being divided into 5 equal parts, by trials, will 
give arcs of 1 degree nn, RES: 

5th. The chords of the arcs Ad, Ac, AD, Ab, Aa, and of every other 
arc, being applied from A on the diameter A;, will divide AB into a Scale 
of chords; which are to be numbered from A towards B. _ 


* 


8 


AS B 
A Scale of chords is uſeful for conſtructing an angle of a given number 
of degrees: And for finding the meaſure of a given angle. 
84. PROBLEM AH... 
To make an angle of. a propoſed number of degrees. 
OPERATION. iſt. Take the firſt 60 deg. from the 
Scale of chords, and with this radius deſcribe an arc 
BC, the center of which is A. 
2d. Take the chord of the propoſed number of de- 
grees from the Scale, reckoning from its beginning, = 
and apply this diſtance to the arc Bc, from B to c. « A. - B 
3d. Lines drawn from A, through the points B and c, will form an 
angle Bac, the meaſure of which is the degrees propoſed. | 
If the angle exceed o, take half. the number of degrees, and ſet it off 
twice, from B to c, and from c to c; or ſet off go? firit, and afterward the 
number of degrees which the angle exceeds 90%. 


PROBLEM XXIV. ,, ß 
—— f . : : ; _ * 
To meaſure a given angle ha. oy 
From the angular point A, with the chord of 60 degrees, deſcribe the 
TIE N Ho he . 


arc BC, cutting the legs in the points B and c. | 


Then the diſtance Bc being applied to the chords, from the beginning, 
will ſhew the degrees which meaſure the angle Bac, ne 


the points a, b % d (61): then 


* 
- 


we 


- 


r ho 


| 
q 
q 
| 
| 
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1 PROBLEM XXIV. EE 
In a given circle to inſcribe a regular polygon, the number of fides being given 
OrERAT TON. fſt. Divide 360 degrees by the 88 . | 


number of ſides, and the Quotient will be the de- 
grees which meaſure the angle at the center of the 
Circle, ſubtended by a ſide of the polygon *. . 
2d. Draw the radius CB, make an angle 8p 
equal to thoſe degrees (84), and draw the chord 
DB; then will DB be the ſide of the polygon re- NE 
quired ; which applied to the circumference from B Mer 


toa,atob, b to c, &c. will give the points to which the ſides of the po- 


lygon are to be drawn. | > TED | 
If the polygon has an even number of ſides, draw the diameter AB; 
and divide half the circumference, as before; then lines drawn from theſe 
points through the center, as ED, will.give the remaining points, in the 


Cot" 


bother ſemicircumferetice. 


$6. PROBLEM XXV. 


On a given right line AB, to confirud a regular polygon of any afſigned 


number of ſides. 7 


OPERATION, 1ſt. Divide 360 degrees by the 
number of ſides; ſubtract the Quotient from 180 
degrees, the remainder will be the degrees which 
meaſure the angle made by any two adjoining fides 
of that polygon, and is called the angle of the poly- 

on 7. | 55 . 

2d. At the ends A, B, of the line AB, make angles 
ABC, BAD, equal to the angle of the polygon. 

3d. Make Ap, Bc, each equal to AB. | 

4th. At the points c, D, make angles equal to 
that of the polygon as before; and let the ſides in- 
cluding thoſe angles be each equal to AB; and thus 
proceed until the polygon is conſtructed, | 
In figures of any number of ſides, the two laſt 

ſides DE, CE; or EG, HG; are readieſt found by 

deſcribing arcs from Cc and p, or from E and E, 
with the radius AB, interſected in E, or in G. 


In figures of an even number of ſides, having drawn half the number, 
AD, AB, Bc, CF, by means of the angles; the remaining ſides may be 


found, by drawing through the points D and F the lines DE, FH, parallel 
and eq''1l to their oppoſite ſides CF, AD; and ſo of the reſt, 


— _ 


* For there will be as many equal angles at the center as there are equal 2 | 
And the while circumference meaſures the ſum of all the angles at the center. 

+ For each fide of the, poſygon with radii drawn to its ends form an Thoſceles 
triangle, | ; CRT | EIT ; | 
Then the angle of the polygon is derived from articles $5, 96, 104. 


% 


gned 


ele 


Be 


and from F to 6; AG from a to g, and from 


des | 


ll. GEOMETRY. . - 


ts PROBLEM XXVI. 


About a given regular polygon, to circumſeribe a a circle: or within that 
polygon to inſcribe à circle. 

OPERATION. 1ſt. Biſect any two angles FAB, 
cBA, with the lines AG, B30, (56) and the point G, 
where they interſect one another, will be the cen- 
ter of the polygon. 9 

2d. A circle deſcribed from G, with the radius | 
64, will circumſcribe the given polygon. , 

This depends on articles 85, 96, 104. 

88. Again, 1ſt. Biſect any two ſides FE, ED, 
in the points H and 1 (55); and draw HG, IG, at 
right angles to FE, ED (57); then the poipt o, where _ interſect 
each other, will be the center of the polygon. _ - . 
2d. A circle deſcribed from wy with the radius GH, will be a in 
the given polygon. 3 | 2 

This depends on article 126. | 


bs ͤð P 


On a given right line AB, to deſcribe a f. 
tain an angle equal to a given right lined angle 


OPERATION. 1ſt. Make an angle BAF n 
to the given angle c. ö (62) 

zd. From E, the middle of AB, draw H1 at right 
angles to AB (57), and from A draw AI at right 
angles to AF (58), cutting HI in 1. | 
3d. From 1, with the radius 14, deſcribe a circle. 

Then will the ſegment aGs contain an 2 
AGB equal to the given angle c. 

This depends on articles 125, 126, 132. 


90. PROBLEM XXVII. 


* 


VII. 


To divide a right line in continued proportion, in the ratio of two given 


right lines AB, AC. 

OrERATION. 1ſt. From B, with the radius 
AB (the antecedent) deſcribe an arc Ac, 

2d. In that arc apply (the conſequent) ac from 
A to c; draw Ac, and apply ca from c to p. 

3d. Apply the following lines in the order 
directed, viz. AD from A to d, and from d to x; 
AE from A to e, and from e to F; AF from A to 


g to h, &c. Then will the proportional lines be 

AD, AC, AD, AE, AF, a0, & . And 
AB: AC: : (Ac) AC: (Ad=) AD. 
AB: _ Kan] Ab.: (Aer) AR. 

AB : 1 AE : (H=) AF. 

He. 
This 2 on articles I 04, 95 16 5. 
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3 .GEOMETRY. 
f Wcrionuml; ©, 


Geometrical Theorems. 


ES. Or Richr LIxES AND PLANES. 
91. F THEOREM I. 
' When one right line cp flands upon another rigbt 


Fine AB, they make two angles BCD, ACD, which 
together argual to two * angles. 


a. A = 
DzemonsTRATiION. For deſcribing a femicircle ADB, on c. (45) 
Then the arc DB meaſures the angle Bc. 8 is 
And the are DA meaſures the angle acD. 
But the arcs DB and AD together meaſure two right angles. (13, 10 
Therefore BcD and Acb together, are equal to two right angles (50 
92. CororLhary. Hence if any number of right lines cd ſtands on 
onè point c, on the ſame ſide of another right line AB; the ſum of all the 
angles are equal to two right angles; or are meaſured by 180 degrees. 


* 1: TPROREM I. 
| if two right lines Ac, SPP terſec7 each other in 
D, the oppoſite angles are equdl, iz. f 


14. <DB= ZADE,. nnd 4 EDEZ ADB. 


* 


Aa | 
+ Dx. For the angles: ADE and ADB copecherniiahes: two right angles. (91) 


= And the angles cvs and Ap; together make two right angles. (91) 
B 5 Therefore. the ſum of Ap and aps=ſum-of cpB and aps. * (46) 
| * Conſequently the 4 cps is equal to the Z. ApE. 5 (48) 


94. Cokor. Hence if any number of right lines croſs each other in 
one point, the ſum of all the angles which they make about that point, is 
equal to four right angles; or is meaſured by 360 degrees. 


— 


95. oer, t 
„ a right line FR cut two parallel right lines AB, 3 - | 
CD; then is the outward angle a fl equal to the inward = £ "D 
= 


ond oppoſite angle d; and the alternate "_ c, d, are / 
equal : and tbe contrary. , — | A —R—; 


en. Becauſe CD . AB are e parallel by Cuppoliclin'; A | 
Then FE has the ſame inclination to c and AB. (53) 
And this inclination is expreſſed by the 4 à or C. d: (14 
Therefore the outward E. @ is equal to the inward and oppoſite - = 13 
Now the C. a is equal to the 4 c; 
And fince the Z. a is equal to the 4 d; | 
Therefore the alternate angles c and d are equal. (4) 


o 


* 


ot * The mark C. flands for the word angle. 


+ DEM. Hands for Demonſtration. t Ccror. hands for C = = 
[ l _ are — marked 9 a fingle letter. Thus _ a is uſed Fo 2 75 = 
HE O- | 


* 


Book. II. 


\ 


GEOMETRY. 1 
6 /0 THEOREMIV. _ 
In any right lined triangle Ac, the ſum of the 
three angles a, b, c, is equal to two right angles: 
And if one fide BC be continued, the outward angle f 
is equal to the ſum of the two inward and oppoſite 
angles 45 5. ; | 3 - x 


Dem. Through a, draw a right line parallel to Bc, (63) making with 
AB the Ze, and with Ac the. d. | 


Now Ce; and d= Lc. being alternate. (95) 
And two right angles meaſure the Ce £a+ 44, 92) 
Therefore Zb+Z£4a+Z4c=Z4e+Za+ 24d. 45 | 
Conſequently 4 b+ 2 a+ Lc two right angles. ( wn | 
Moreover, =two right angles. | (91 
Therefore -4b+ 4a 3 5 (46) 


97. Hence, if one angle is right or obtuſe, each of the other is acute. 
98. If two angles of one triangle are equal to two angles of another 
triangle, the remaining angles are equal. And if one angle in one triangle 


is equal to one angle in another triangle, then ithe ſum of the remaining 


angles in one, equal to the ſum ↄf the remaining angles in the other. 
99. THEOREM V. 

F two ſides AB, Ac, and the included angle A, in 
one triangle ABC, are reſpectively equal to two ſides 
DE, DP, and the included angle D of another DEF, each 
to each; then are thoſe triangles congruous. 1 

e fig | : | . 5 A B D 1 

Dem. Apply the point p to the point a, and the line PE to AB. (54) 


Now as DE AB (by ſuppoſition) ; therefore the point E falls on 8, 


But ZD = LA (by ſup.) therefore DF will fall on Ac. 
And ſince DF =AC (by ſup.) ; therefore the point F falls on c 
Conſequently FE will fall on cs. 5 | 
Therefore the triangles Ack, DFE, are congruous, ſince every part agrees. 
| * . F by b d ; ? | f . 
10. THEOREM VI. 1 
If two triangles ABC, DEF, have two angles A, By and 
the included fide AB in one reſpectively equal to two an- 
gles D. E, and the included fide DE in the other, each 
% each; then are thoſe triangles congruous, 


| A SD; 
Dru. Apply the point p to a, and the line DE to AB. 1 

Now as DE = AB (by ſup.); therefore the point E falls on 3. 
And as KD LA (by ſup.); therefore the line DF falls on Ac. 
Now if the line AC is leſs or greater than the line pr; . 


hen the line FE not falling on cB, makes the C B leſs or greater than E x. 
Bu ZE BRB Lx (by ſup.) ; therefore AC is neither leſs nor greater than Dr. 
Or the line Ac DF; conſequently FE=CB, | | 
Therefore the triangles are congruous, 


Fug " 


101. THE On ; 


— 


6 GEOMETRY. 
101. | THEOREM VII. 


Two ponder ABC, DEF, are congruous, when 4.5 
three ſides in the one are equal to the three fiaes in the 
other, each to each. 


/ — Dr 
A B D 1 5 

DEI. Apply the point D to A, and the line DE to AB. (54) 
Now as DE=AB (by ſup.) ; therefore the point E falls on B. T 
On A, with the radius AC, deſcribe an are. | - 
Then as DF =ac;, the point F will fall ig that are. T 

- Alfo on B, with the radius BC, deſcribe another-arc, cutting the former i in e. 6 


And ſince Er nc, the point F will fall in this arc alſo. | 

But if the point F can fall in both theſe arcs, it can be only where they 
interſect, as in c. 

Conſequently the triangles are congruous, 


103. THEOREM vin. N 


Two triangles ABC, DEF are congruous, when two 
angles A, B and a fide AC oppoſite to one of them, in 
one triangle, are reſpeftively equal to two angles D, 
E, and a ſide DF oppoſite is a like angle in the other tri- 
angle, each to each. 


Dem. Apply the point Þ to A, and the line DF to FF. 
Now as DF=AC (by ſup.); therefore the paint x falls on c. 
And as D = LA (by ſup.) ; the line DE will fall on the line as. 
And if the point E does not fall on B, it muſt fall on ſome other point 
8. Draw c. 
Then the angle Acc is equal to the angle DEF, (90) 
And the angle ABC=(DEF=) AGC, which is not poſſible, (96) 
Therefore the point E can fall no where but on the point B. | 
9 the triangles are congruous. 


1 


3 D F 
(54) 


103 / THEOREM IX. 


In the Jſoſceles, or equilateral triangle acB; a 
line drawn from the vertex C to the middle of the 
baſe AB is perpendicular to the baſe, and . the 
vertical angle > and the un! . 


Dem. The triangles ADC, BDC, are congruous. 
Since CAZCB (23); CD=CD, and are congru by ſuppoſition: : 
Therefore C Ar 4B, ZACD= BCD, CAD BDC. (101) 
Conſequently cp is at right angles to AB. (17) 
104. CoRoL. Hence in any right lined triangle where there are equal 

ſides, or angles; 

The angles A, B, oppoſite to equal ſides Bc, Ac, are equal. 

And the ſides Bc, Ac, oppoſite to equal angles a, B, are equal. 


» That is, if a line drawn perpendicular to the baſe of a triangle diſects 


the vertical angle then that triangle muſt be — and the perpendicular 
is pron rom the middle of the baſe, | 
| 10 5. THE O- 


Bock II. GEOMETRY.: 


-# 


os, // THEOREM xX. 


I i. 


In every right lined triangle ARC, the greater angle 
c is oppoſite to the greater fide AB | 


| WW Dev. In the greater fide AB, take ap=ac; draw cp, and through 

E z draw BE parellel to cp. f (63 

(54) Then the angles ADC, ACD, are equal, | > 30 
And Z Abc g E ABE, b >> a: 


Therefore 4 ACD= 4 ABE. oy. 7 8 | 

That is, a part of the angle Acs is greater than the angle azc. 

Conſequently the C C is greater than the B; and in the ſame manner it 
may be proved to be greater than the E. A, if the ſide AB be greater than CB. 
106, CoRoL. Hence in every right lined triangle, the greater fide is 

oppoſite to the greater angle. . | | 


ne. 


A B E N 


6 7 + © ns 
75. | 
Parallelograms ACDB, ECDF, EGHF, /tanding on 
the ſame baſe CD, or on equal baſes CD, GH, and 
between the ſame parallels, CH, AF, are equal. 


* 


54) Dem. For AB=EF, being each equal to co. wa (28, 46) 
To each add BE, and AEZ=BF. 8 | (47) 
Now AC=BD, and CEZDF. | (28) 
oint The triangles ACE, BD, are therefore cangruous. 1101) 
| Now if from each of the triangles Ack and Bpr, be taken the triangle 
99) WH 1x, the remaining trapeziums Ame and FEI are equal. (48) 
96) Then if to each of the trapeziums ABIC, FEID, be added the triangle cp, 


their ſum will be the parallelograms Ap and DE, which are equal. (47) 
And in like manner it may be ſhewn, that the parallelogram EE is equal to 
the parallelogram ED AD. 


| 8 
108. THEOREM XII. 


A triangle ABC is the half of a parallelogram 
AD, when they ſtand on the ſame baſe AB, and are 
between the ſame parallels as, . [ 


1 | : | A B ; + 
Dem. Ac is equal to PB, and AB to DC. (28) 
Alſo gc is a fide common to both the triangles anc and DCB. | 
Theſe triangles are therefore congruous. £45. [> Es 
Conſequently the triangle ABC is half the parallelogram Ap. 

109. CoroL, I. Hence every parallelogram is biſected by its diagonal. 

110. Coro. II. Alſo, triangles ſtanding” on the ſame baſe, or on equal 
baſes, and between the ſame parallels, are equal. ET 


— bey being the halves of equal parallelograms under like circumſtances. 
| | | ic © | III. THE O- 


* 


(46). 


GW | GEOMETRY. 


im. THEOREM XII. 


In every right angled triangle BAC the ſquare on” 
the fide Bc oppoſit ste to the right angle A is equal to 

the 7— of the ſquares of the 1 two ſides AB, AC con- 
taining the right angle. h 


De. On the fides AB, AC, BC, coatrud the ſquares AG, AE, cp 


(68) : draw AD, CE; and draw AF parallel to rd. (63) 
Then the triangles ABD, E Bc, are congruous. | (99) 
For the Z. ABE=C / BD, being right angle. (30) 
To each add the angle ABc, then ERC and E ABD are equal, +4149) 
Therefore EB, Bc, E. ERC are reſpeCtively equal to AB, BD, £ ABD. 
Alfo the triangle EBC is half the parallelogram AE. (108) 


For they ſtand upon the ſame baſe EB, and are between the ſame parallels 
EBand AC; BA making right angles with BE and ca continued. 

Likewiſe the triangle ABD is half the parallelogram Br. (108) 

For they ſtand upon the ſame baſe BD, and are between the ſame parallels 
BD, AF. 

Therefore, as the halves of the . EA and By are equal, con- 
ſequently the parallelogram BF is equal to the ſquare AE. (49) 

In the ſame manner may it be ſhewn, that the parallelogram ce is equal 
to the ſquare AG. 

But the parallelograms BF and CF together, make the ſquare cp. 

Therefore the ſquare CD is equal to the ſquares EA and AG. 


112. Coror. I. Hence if any two ſides of a right angled triangle are 
known, the other ſide is alſo known. 


For Bc=ſquare root of the ſum of the ſquares of AC nad Am; 
Ac=ſquare root of the difference of the ſquares of Be and ar. 
AB=ſquare root of the difference of the _—_ of BC and Ac. 


113. Or thus, making the quantities BC, AB, c, to ſtand for the 


ſquares made on thoſe lines. 


And the mark y/ to ſtand for the ase x root of ſuch quantities as ſtand 
under thy line joined to the top of this mark, 


Then Bc=y/Fe® + ant ; 
AC=yY/ BOo?—aB* ; 
AB=y/BC'—AC* 


Scholium. The lines of the WE £ 44% (or their doubles * 
&c.) will form a right angled triangle. 


For 5*=4*+3*. Or 251649. 


114. CoOROL, 


* 


CD 
63) 
99) 
39) 
47) 


05 


lels 


lels 


"Ty 


es, 
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line, the perpendicular is the ſhorteſt. = | 


114. CoROL. IT. Of all the lines drawn from a given point to a given 
115. Cokol. III. The ſhorteſt * between two parallel right 
ines, is a right line drawn from one to the other perpendicular to both. 


116, CoROL. IV. Parallel right lines are equidiſtant; and the contr TER 
For two oppoſite ſides of a rectangular parallelogram are equal (28) and 


each is the ſhorteſt diſtance between the other ſides. 


a 


1. 7 - 


If a right line AB be divided into any two parts AC, CB; then will the 55 
ſuare on the whole line be equal to the ſum of the ſquares on the parts, toge= 


ther with two rectaꝝg les under the two parts, 


| 4 | 
That is AB*=XIC* + TB* +2 X AC X c. 


A TB ; 


Deu. Let AD, AF, be ſquares on AB, Ac. (68) 19 

Then will FG, and 6D, be each equal to CB. (48 L | 

Hence FD is a ſquare on a line equal to CB. (30 1 | 

Alſo FB and FE are rectangles on lines. equal to 2 1 
AC, CB. I ee ws Ca<a on WEE | 

But the ſquares AF, FD, and the rectangles Fs, FE, fill e 
up the ſquare Ap, or are equal to av. E | 


118. CoRorx. I. Hence the ſquare of. ac the difference between two 
lines AB, CB, is equal to the ſquare of the greater AB, leſſened by the 


fquare of the leſs cB, and by two rectangles under the leſſer line cg, and 
the ſaid difference. 85 | 1 5 


That is ABSBC*=AB*—BC'—2BCX Ac. - 

For AB—BCZAC | © - 8 

Then T =AB*— BC*—2BC X Ac. | | (48) 

119. Coror., II. The difference between the ſquares on two lines 
AB, Ac, is equal to the rectangle under the ſum AB + BC and difference AB, 
c of thoſe lines. NE 1 e 


That is AB*—AG* AAN -A. KT | 
For Tg- Cb + 2X0 x . ___ (117,48) 
CNN. N 
= -AFFXCX(CB=)AB—AC- 


> 
— 


— 


* The rectangle under two lines is generally expreſſed by three letters; the firſt two 
letters land for one line, and the laſt two for the other line. 
Thus for A c X oB, is written ACB. 
for AB X BC, is euritten ABC, 
And for 2X AC XB, it Written 24 C. TY 4 


2 
: | | | 120. T HE O- 
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120. THEOREM Xv. 


In every triangle, ADC the ſquare of a fide cp ſubtending an acute angl⸗ 9 
Ay is equal fo the ſquares of the fides AD, AC, about that angle, leſſened i, 1 
two rectangles under one of thoſe ſides Ac, and that part AB contained betwery DE 
the acute angle and the perpendicular DB drawn to that fide Ac from it; t 
r e ON On = WW 
| a D For 
That is, BC“ ABT AC*—2CAB - | An 
- | « 
Dem. PG -S“ (BB) -. ( oak 1 5 Th 
And AC*=2ARC+BC*+ AB". r Fo 
Then BCE“ -f! -A =AD'—BC'—2 AF" — „ 1 
4. | | TR „ Sons ee 
And PE TD + AG*—27FB* —2ARC, by adding BC‘ A. (47 ba 
| (—aB X 2AB—BC X 24AB) CS 
(—ABFBC X2aB - ) * 
Then p h ˙⁰ +AC'—(AC x 2ABZ=)2CAB. D 
e 5 i 
121. Coro, Hence ap=—— A 1 8 cl 
1 THEOREM XVI. - 
— | 1 50 8 
WY | | | tl 
In an obtuſe angled triangle ac, the ſquare of the fide AD oppoſite to the 1 
cbtuſe angle C is equal to the ſum of the ſquares of the ſides Ac, cp, about the 
obtuſe angle; together with two rectangles under one fide AC, and the conti- 0 
nuation CB of that fide to meet a perpendicular DB drawn to it from the p- 
PDiaſits angle p. | PE T 
That is, B =, TD* + 2AC X CB. 4D | 
5 5 ; 1 
Dem. For aD*—aF*=(DB*=)TD*—CB*. 225 | 
reer. (119) - 
Then AD* =AC"+CD*'+2ACB. (47) 
* | | = AD — AC —CD> * „ 2 Irs J 
123. CoxoL, Hence c 250 2. — B 


fn, Feed wm 


IT, 


47 


— 
* 
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124. THEOREM XVII. 


In any circle, a diameter, AB, draun perpendicular 
Ho chord? DE, hiſects that chord and its ſubtended 
arc DBE, ES | e . 
Dem. From the center c, draw the radii c p, c E, 
to the extremities of the chord DE. | | 
Then the triangles CFE, CFD, are congruous. (102) 7 
For CF being at right angles to DE, the 4 CFD= 2 CFE, (17) 
And the triangle CDE being iſoſceles (23), the DS LE (104.) Alſo 


cr is common. 6 | 
Therefore DF=FE : And the arc DB=BE: | 
For thoſe arcs meaſure the equal angles Fcx, FcH. ( 15) 
125. CoroL, Hence, in a circle, a right line drawn through the middle 
of a chord at right angles to it, paſſes through the center of that circle; 
and the contrary. | 1 | 
126. THEOREM XVIII. 
A tangent, AB, to a cirele is perpendicular to a 
diameter, DC, drawn to the point of contact, c. 
Dru. If it be denied that De is perpendicular to AB, 
Then from the center p, let ſome other line DB, 
cutting the circle in Ex, be drawn perpendicular to AB. 123 
Now the angle DBC being right, the angle DCs is acute. 
Conſequently DC is greater than DB. N (106) 
But DDE (9). Therefore DE is greater than DB, which is abfurd. 
Therefore no other line paſſing through the center can be perpendicular to 
the tangent, but that which meets it at the point of contaR, 
127. 5 N 
An angle, BCD, at the center M a circle, is double 
of the angle, BAD, at the circumference, when theſe 
angles land on the ſame arc, BD. 5 
DEM. Through the point A draw the diameter Ak. 
Then the angle ECD= 4.CAD + 4 CDA, (96) 
But the ADS CCDA. (104) 
Therefore the ¶ ED is equal to twice the angle cap. 
In the ſame manner it may be ſhewn, that the angle BE is eg 
twice the angle BAE. | ee 
Conſequently the angle BcD (= ZtcD+ * 4 ct) is equal to twie@the 
angle BAD-(=ZAEAD + ABAE). . 47» 43) 
128. Cool, I. Hence an angle, BAD, at the circumference; is mea- 
ſured by half the are, BD, on which it ſtands. 
For the angle at the center BCD is meaſured by the arc Bp. (15) 
pe the angle BAD=half the angle Bp, is meaſured by half 
e arc DB,” 7 


.* 


129. CoRoL. II. All angles in the circumference, and ſtanding on the 
fame arc, are equal. | | 


— — 


| ® The mark +, ſignifies the ſum or difference. 
Vor. I. 1 * 1 130, THE O- 
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130. 8 TD H E 0 R E M XX. 


An angle, BAc, in a ſemicircle, is a right one. 
An angle, DAC, in a ſegment leſs than a ſemicircle, 
is obtuſe. ' + en Wed | 

An angle, EAC, in a ſegment greater than a ſemi-_ 
circle, is acute. | 


— 


Dx. For the angle Bac is meaſured by half the ſemicircular arc Bre 
or is meaſured by half of 180 degrees; that is, by 90 degrees. (128, 16) 
And EZ Dc is meaſured by half the arc DEC, greater than 1800 *. 
Alſo CEAc is meaſured by half the arc Ec, leſs than 180.1 
Therefore theſe angles are reſpectively equal to, greater, or Jeſs than 90 
degrees, | | - | —— 
2 by 


131. Cor, Hence in a right angled triangle BAGS ; the angular point 

A of the right angle, and the ends, B, c, of the oppoſite ſide, are 

equally diſtant from r, the middle of that fide ; that is, a circle will al. 

Ways paſs through the right angle, and the ends of its oppoſite {ide 
taken as a diameter. | BI 


132 THEOREM XXL, A 


| En 

The angle ACD, formel dy of tangent AB, to a 
circle, E, and a chord, CD, drawn from the 
point of contact, c, is equal to an angle, CED, | 
in the alternate eget; and is meaſured by half P 8 
the arc DC of the included ſegment, IO 


Dem. Draw the diameter Fc, and join DF, 


The Z' Ac and CDF are both right. 8 (126, 130) 
Therefore the , DCF and DFC are together =a right . (96) 
But the /* Acp and DCF are together = a right Z. 

Conſequently the 2. DCF and DFC = the Z acp and DCE. (46) 
Take the , per from eath, and the CDyc = the J. ACD. (45) 
But the Z. DFC and DEC are equal, „ DN hg (129) 
Conſequently the . DEC and ACD are equal alſo, | YT 


A * 4 . 


* A ſmall ® put above any figure, fignifies degrees, 
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33 THEOREM XXI. 


Between a circular arc Ahr, and its tangent AR, 
vo right line can be drawn from the yu of contact A. 


, 


peu. For if engt ober right line can be drawn, let it be the right 
line AB. - : 

From n, the centerot? Ar, draw DG perpendicular to AB, cutting AB in 
G, and the Karg im H. 


Now as Z DGA-1s. ae therefore Da is greater than DG. (106) 


But DA BH 90. erefore DH is greater than DG, which is abſurd. 
Conſequently 1 no ri e can be drawn between the tangent AE and the 
arc AHF, 18 ©- | | | hr WAS 4 7 


134. Con x, Hence the angle DAH, contained between the radius 
Da, and an Arc*AHM, is greater than any right lined acute angle, 

For a right line AB muſt be drawn from a, between the tangent, AE and 
radius AD, to make an acute angle. 

But no ſuch. right line can be drawn between AE and the arc AH. (133) 


135. CooL. II. Hence the angle E Ah, between the tangent EA and 
arc AH, is leſs than any right lined acute angle, 20 
* * © a b 

136. Coror.. III. Hence it follows, that at the point of —_ the 
are has the ſame direction as the ont and is at right angles to * 


radius drawn to that point. 
4 . FX 


2 .. - 
W THEOREM XXII. 


If two right lines, Ak, CD, interſact any how (in x) 
within a circle, their inclination, AED, or CEB, is mea- 
ſured by half the ſum of the intercepted arcs, AD, CB. 


Dem. For drawing DB 3 

The 4A AED= 2. EDB+ 4. EBD. 

But the 4 EDB is meaſured by 5 are CB, 
And the. Z. EBD is meaſured by 2 arc AD. 


Conſequently the 4. AED is meaſured * half the arc er, 8 wien 


half the arc AD, 1 4 300 


: 3 


68 | GEOMET R Y. 
5 E C TIN i. 
Of Proportion. 


DEFIiniTioNs and Pace 


138. One quantity Ay is ſaid to be meaſured or divided by another quantiy 
B, when A contains B ſome number of times, exa#tly. 

Thus if A=20, and B=5; then a contains B four times. 

A is called a multiple of B; and B is ſaid to be part of A. 


139. Fa quantity A (= 20) contain another B (=5) as many tines as 
a quantity c (24) contains another (S); then 
A and c are called like multiples of B and p. 
B and D are called like parts of A and C: And | 
A is faid to have the ſame relation to B, as c has to D. 
Or, like multiples of quantities are produced, by taking their Rechen- 
gle, or Product, by the ſame quantity, or by equal quantities. 
The Rectangle or Product of quantities, 4 and B, is expreſſed by writ. 
ing this mark x between them. Thus, a * B, or B & A, expreſſes the 
rectangle contained by A and B. 


140. When two quantities of a like kind are compared together, the relatin 
which one 4 them has to the other, in reſpect io quantity, is called Ratio. 
The firſt term of a ratio, or the quantity compared, is called the Ante. 
cedent; and the ſecond term, or the quantity compared to, is called the 
Conſequent, 
A ratio is uſually denoted by ſetting the antecedent above the conk- 
quent, 12 5 a line drawn between them. 


Thus = — 5 ſignifies, and is thus to be read, the ratio of A to B, 
The Gs ple of a ratio — is the 1 of each of its terms by the ſame 
quantity, or by equal q quantities, Thus >= is the ratio - taken C times, 


ren 
The product of two or more ratios, -, => is n by taking the pro- 


duct of the antecedents for a new 3 and the product of the con- 
aK ATC 


ſequents for a new conſequent. Thus 


BXD 2 98 


141. Equal ratios are thoſe where the antecedents are like multiples or parts 
of their reſpeftive conſequents. | 

Thus in the quantities A, B, c, D: Or 20, 5, 24, 6. 

In the ratio of A to B, or of 20 to 5, the antecedent is a multiple of its 
conſequent four times. 

And in the ratio of c to p, or 24 to 6, the antecedent i is a tire of 
its conſequent four times, 
That is, the ratio of A to B is the ſame as the ratio of c to D. | 


And this equalit; 7 of ratios is thus expreſſed, - © 
"-Þ 


142. Raid 


— es; 


z 


„ 


— 


pw Mu oo 8 a 1 cc = 


Pas 


142. Ratio of equality is, when the antecedent is equal to the conſequent, 
| 0 EE 5 
Thus when AgB, then 3 or —, or 55 is a ratio of equality. 


55 143. Four quantities are faid to be proportional, which, when compared 

"nt Wi :1gether by two and two, are found to have equal ratios. 

Thus, let the quantities to be compared be A, B, c, D: Or26 4, 24, % 

Now in the ratio of A to B, or of 20 to 5; A contains B four times. 

3 And in the ratio of © to p, or of 24 to 6; o contains Þ four times. 

Then the ratios of A to B, and of c to p, are equal: Or 3 (141) 
» 


And their proportionality is thus expreſſed, A: B:: : v. (75) 
ga Alſo in the ratio of A to c, or of 20 to 24; C contains A, once and +, 

” And in the ratio of B to p, or of 5 to 6; D contains B, once and +, 
Write 5 RE 3 
s the Where the ratios are likewiſe equal, vix. — = 


m And theſe are aiſo proportional, A: c:: B: D. 
zon | | | | 

144. So that when four quantities of the ſame kim are proportional, the 
ratio betuween the firſt and ſecond is equal to the ratio between the third and 
faurth ; and this proportionality is called Direct. | 


unte. 
1 the 


onle- 145. Alſo the ratio between the firſt and third is equal ta the ratio between 


the ſecond and fourth; and this proportionality is called Alternate. 


146, Similar, or like, right lined figures, are thoſe which are equiangular? 
c (that is, the ſeveral angles of which are equal one to the other ;) and al/e, 
aue the ſiles about the equal angles proportional, 5 | 
Imes, | - 
Thus if the figures Ac and EO are equiangular, 
And AB: B:: EF: Fa; Or BC: D:: 10: GH; 
Then are thoſe figures called ſimilar, or like figures. 
And the like in triangles, or other figures. 5 


pro- 


con- 


3 


147. Like arcs, chords, or tangents, in different circles, are thoſe which 
ſubtend, or are oppoſite to, equal angles at the center. 


parts 


of its 


Let F be the center of two concentric arcs AEB, © E D 
geb, terminated by the radii Fa, Fbs, produced; VV 
nn pion ig — 
B, ab, their chords, and CD, cd, their tangents. 2 {, 
Then as the angle o is meaſured either by the © N 


arc ABB, or deb, thoſe arcs are ſaid to be alike, * 
or ſimilar 3 that is, the arc aeb is the ſame part 
of its whole circumference, as the arc AEB is of 


its whole circumference. | | | 
| #1 | 148. T HE O- 


Raid 
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Quantities, and their like multiples, have the fame ratio. 
That i is, the ratio of A to B is equal to on ratio of twice A to. twice B 


A CXA 
or thrice A to thrice B, &c, Or thus © 3 3 Sc. 3 that is 
B28 3B CXB 8 


equal to the ratio of e times A to c times B. 


Dem. For the ratio of & to B muſt either be equal to the ratio of lik 
multiples of 4 and B, or to the ratio of unlike multiples of them. 
Now ſuppoſe the ratio of A to B is equal to the ratio of their unlike 


multiples, © times 4, D times B; that is, — ER. 
" me "DXB | | 
Then A: B:: 3 2 DNB (143). And A: CXA: :; B: D&B. (145 
Therefore 


(144). Where the conſequents are unequal 
CXA —DXB | 
_— of their antecedents, dy ſuppoſition, 
is not equal to 


But N 8 . (141) 


Then a: KA. E. DXB is not true. Allo &: en! DI 
A | 


Conſequently - 7 is unequal to CH. 
4 & E 9 DXB 


| Therefore the ratio of unlike multiples of two quantities, is not equal to 
the ratio of thoſe quantities, 


Conſequently the ratio of two quantities, and the ratio of their mul, 
tiples, are the 1 


149. Cor. I. In any ratio, if both terms contain the ſame quantit 


or quantities; the value of the ratio will not be altered by omitting, Ot 


taking away thoſe quantities, For === $ „ by tak ing away . 
| CXB B | | 
150. Cos, II. Quantities, and their like parts, bave . ratios. | 
For A and B are like parts of c X A and & B. 


151. Cor. III. Quantities, and their like ki or like Sow art 
proportional. For A: B:: X A: CX B. And o A: & B:: A: 5 (10 


152. Cos. IV. If quantities are equal, their like mul ples, or like 


parts, are alſo equal. For if A=B; and — ca. we 
CN FT 
Then are the antecedents and e in a ratio of equality. (141) 
153. Cor. V. If the parts of one quantity are proportional to the parts 


of another quantity, they are like parts of their-reſpeCtive — | 
For only like parts are proportional to their wholes. | (151) 


154. Cor. VL Ratios, _ are equal to the ſame ratio, are equal to 


one another. For the ratio of ne ON OR — (148) 
| 5 * CXB 'DXB 5 | | 


T * . 135. Con 


tic 
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155. CoR. vn. Proportions, which are the fe to the fame propor- 
tion, are the ſame to one another, 

If A: 311 * B::E:F; Than. ©: D:: K: T. 
For a8 and 2 1 Then = (46) 


cen 
Nn 156, Cok. VIII. it two ratias or products are equal, their like multiples, 
either by the ſame or by equal quantities, or by equal ratios, are _ equal, 


| if Set hen. SET ENE. 
f like That IS, l B 5 p E 


inlik Then AXE _CXF 
f BXR DXFP 


AXE: CXG 


And if E= 


And if 7 S: Then 


(145) H BF DXH „ 
equal For in either HP the ratios may be conſidered as quantities. 
.; f THEOREM XXV. 


141 


X B 1; 


quantity c. And any quantity has the ſame ratio to equal quantities. 
That 1s, if ASB: Then A: C;: 3: C. And e: A: C B. 


Dew. Since AZB; then C is the like multiple, or part of B, as it is of A, 
Anda: Bitc: (151). Therefore x: C: 2 . (145) 
ln Alſo o: G:: A1 (151). Therefore C: ·» „ 
Se 1 5. Cor. I. Hence, when the antecedents are equal, the ———_—_—_ 


mul, are. equal; ; and the contrary. . 


159. Cor. II. Quantities are equal, which "II the Conn ratio to an- 
| other quantity: or to like multiples or parts of another quantity. 
Thus, if A:C::B:.c Then a=B. 


160. Cor. III. Since A: :: B: Cc and C: A::c Therefore, 
when four quantities are in proportion, As e e is. _- conſequent, 

ſo is antecedent to conſequent : Then ſhall the firſt conſequent be to its 

antecedent, as the ſecond conſequent to its antecedent : and this } 18 called 
the nver ſia on of ratios. 


6. 2 THEOREM: XXV I. 


In two, or more, ſets of proportional quantities, the recangles a. under the 
like terms are proportional. 


„That is, if A: 1 Ds. and's;: B::6: "ys 


antity 
8, of 


85 an 
(143) 


r like 


(141) Then AXE: 1 Ann 3 1 
: E . — 

mo Dem, Since = 228 — 75 2˖ö; (144). 
1: Therefore AXE. — CEC 0 Gn 1 
wal „q 0 = 1, On 
(148) Contequently AXE; Kriese DX. SE (143). 


AS 5 e 162,” THEO- 


. — 


Con: 


Equal quantities,” A and B, have the ſame ratio or proportion to another 


72 GEOMETRY. Bock 11, 
- 6a. - THEOREM XXVIE 


| means. hat is, AX DS BNC. 


are proportional. 


Then AxB=CXxD by ſuppoſition, | I "Bj - 
That is, As the length of X is to the length of Z. c 


In four proportional quantities A : B: 2c D. Then the Rectangle er 
Product of the. two extremes is equal to the Rectangle or Nrodudt of the thy 


Dem. Since aA:B::c:Dby ſuppoſition. Therefore 5 == « (144) 
: 55 

LEES A622. © b 

An b ). 0 5 80 ö (1s ö 


Therefore = (46), where the conſequents are equal. 
BX D DX B 6 ; | | 


Conſequently A x DZC RB. , | 08 


* 


163. Hence, if the Rectangle or Product of two quantities is equal to 
the Rectangle or Product of other two quantities; thoſe four quantiticz 


Thus, ſuppoſe the two Rectangles, X, Z, are equal; 
Where A, c, are their lengths, and B, D, their breadths. 


Therefore A: C: : D: B. 


So the breadth of Z is to the breadth of K. + 


In ſuch caſes, the tengths are ſaid to be to one another reciprocally, 38 


their breadths. | 
Or that proportion A: :: D: Bis reciprocal, when a x B=c Nb. 


164. . THEOREM XXVH. 


four quantities are proportional, then will either of the extremes, ard 


the ratio of the product of the means to the other extreme, be in the ratio 
equality: And either mean, and the ratio of the product of the extremes to thi 
other mean, will be alſo in a ratio of equality, „ . 


That is, if A: B:: C:D, Then A2. 
| 5 
DEM. Since A: B:: : D by ſuppoſition. 
Therefore A x D BNC. (162) 


And 2 


And 5 one 


B K 2 171 
5 8 (157). Alſo * (157 
_BXC | 8 
| But * Z—(149), And a= —. | 6040) 
fees „ A S „ 


»* 


CEL 


Book II. 
165. 

drawn parallel to the other fide BC, vix. 
AD : | 


DEM. Through B and C draw Bb, ca, at right an- 


Dru. In ca, cz, take cc, Ec; and draw 


THEOREM XXIX. 
In any plane triangle, ABC, any two adjoining 
ides, AB, AC, are cut proportionally by a line DE, _ 


DB:: AE: ECO. 


gles to BC, meeting ba, drawn through A, parallel 
to Bc: Through p, 4% the middles of ab, Aa, draw 


or ca, meeting AB, AC, in the points d, c; and join dc, 
Now the triangles Ad, Bap, and Ac, Ccqy are congruousgf 
Therefore Ad Bd, Ac cc, pd pd, qc=qc, "MN 
But pp=qq (116): Therefore pd = gc. 
And dc is parallel to Bc. b \ | 
In the ſame manner it may be ſhewn, that lines parallel to gb, drawn 
through the middles of Ap, ph; Ag, ga ; will alſo biſet Ad, Bd; Ac, Cc3 
and that lines joining theſe points of biſection will alſo be parallel to 3c: 
And the ſame may be proved at any other biſections of the ſegments of 
the lines AB, AC; Alſo the like may be readily inferred at any other di- 
viſions of the lines Ab, Ad. : | | N 
Therefore lines parallel to mc, cut off like parts from the lines AB, ac. 


"Cc 
PP» 44» paralle] to Bb 


Then AB: AC: : AD : AB, And AB : Ac: : BD 5; CE, (151) 
Therefore AD : AE: : BD : CE. x | (155) 
And by Alternation Ap: BD : : AB: CE. (145) 


166. Cor. Hence, when the ſides AB, Ac, of a triangle are cut pro- 

portionally, in D, E, the ſegments AD, AE; DB, EC; of thoſe ſides are 
proportional to the ſides: And the line DE, drawn to thoſe ſections, is 
parallel to the other ſidg Bc, 


In equiangular triangles, ABC, abc, the ſides about the © 


equal angles are proportional; and the ſides oppoſite to 
equal angles are alſo proportional, 5 


167, 


DE. 

Then the triangles CDE, cab, being gongruous. (99) & > 

The 4cvE=(2a=) LA. Therefore DE is parallel to aB. . (95) 
In the ſame manner, taking AF ac, AG gab; alſo zH be, BI.; 

and drawing Fe, HI the triangles. AGF, IBH, abc, are congruous; there- 


La 


fore FG is parallel to cx, and HI is parallel to ca. 
Then (cD=) ca: ca : : (E) cb: cB. ö 


(Ar Z) ca: e:: (AD: AB. 
(HSZ) be: BC : : (BI=) ab : AB, 
168. Cor. Hence, Triangles have one angle in each equal, and the 
ſides about thoſe equal angles proportional, thoſe triangles are equiangular 


and ſimilar, - 
, 169. THE O- 


(465) 


— 


he GEOMETR Y. L Book I. 


169. * THEOREM XXXI. 

In a right angled triangle, ABC, if a line, BD, be 
drawn from the right angle B, perpendicular to the 
oppoſite fide, Ac; then will the triangles ABD, BCD, 


en each ſide the perpendicular, be ſimilar to the whole 
ABC, and to one another. 


Dem. For in the triangles ac, Abs, the . A is common; 
And the right angle ABC=right angle ADB, | 
| Therefore the remaining C C= L ABD. | | (98 
. In the ſame manner it will appear, that the wings ABC) BDC, are like, 
0 Therefore the triangles ARD, BCD, are allo ſimilar. 


AQ: BC 22-30 -5--BC 


170. Con. I. Hence, c: AB :: A A w 
Ab DB: :-DB : de. 


(x67) 


171. Cor. II. Hence a right line Bp, drawn from a circumference 
of a circle perpendicular to the diameter Ac, is a mean proportional be. 
tween the ſegments AD, pc, of the diameter. | 

And Ap DDB“. | (162) 
For a Circle, the diameter of which i is AC, will paſs chro A, By C. (131) 


Scholium. This corollary includes what is. uſually called one of the 
chief properties of the circle, namely; 


The ſquare of the Ordinate is equal to the rectangie under the tus 
Aſciſſas. 

Here, the ordinate is the perpendicular BD ; and the two Ablciſhs are 

the two ſegments AD, DC, of the diameter Ac. 


non E M XXXII. 


In a circle, F two chords, AB, CD, interſect each 
ether in E, either within the circle, or without, by pro- 
longing them ; then the rectangle under the ſegments, 


. terminated by the circumference and their interſection, 
vill be equal, 


That is, AE 1 X ED. 

Dem. Draw the lines Bc, DA. 

Then the triangles DEA, BEC, are ſimilar, 

For the angle at E is equal (93), or common. 

And the ZDS LB, as ſtanding on the ſame are 


AC (129), Then the other angles are equal. (98 
Therefore AB: E:: ED : EB. (17 


Conſequently AE & EB=CE X ED, 


173. THEO- 


Book l. N G E OM E R T. 7 


173 THEOREM XXXIL 


If with the leaſt ſide AB of a given triangle ABC, a ſemicircle be deſcribed 
rom the angular point A; meeting the fide Ac, produced in the points D, E; 
and from B, the lines BE, BD, be drawn, and aiſo BG perpendicular to DE: 
Then the values of the ſeveral lines AG, CG, GE, GD, Bt, BD, BG, may be 
expreſſed in terms of the ſides of the triangle ABC, as follow, 


167 2 
— : 2 — . | 
One ACT=—=4B 
ence 
be⸗ 74 vn +. (1p . 
B- 5 | | | 9 
162 Or 402k —. (121) 45 
' 2AC et 
13¹ | ol il 
| — —2 wa, | | 5 7 

p 2 AC — AB BC 5 | | 
the 175. c . — For c6=ZAC+ AG, or to AC=AG, 
ty = © CIC | 

And *ac+a6=act- — „ 147740 

| 2 5 
S ale 2 + Form ACE —AB*_ (149) : DP 
2 H—0 R = 
1765. 720 : Here 2H=ac+AB—BO g —= 
A : : amr nn 
A oy 
For GE=aB(at)E=AG=AaB+— I (174) 


_2ACX AB+ACT* + AB'—BC* 
But 24c & ATN A= (NTA). (117) 
| CE*—BC*\ HIN XCE—BC 
Then GE ( = =—== „ 


2c 240 
. r. 
| 2AC : 


2H X2H—2BC__ 2H X H—BC 


AC = AC 


» (149) 


_— 


_ 


IT OTE „64666 


18 


ER | 
177. Gb — — . Here 2H=AC+ AB A Bo. 


a: — : —1 1 — 
| 2 AC — AB ＋BC | 
INTE AO SAD TAG TAB ooo 14}... 

2AC * AB—AC*—AB*+BEC* 
= 8 OY Ms 
2AC 

+ AC AD + Tow 868 — CD? (128 } 
En 8 
C—CD BCN p | 
5 3 (119) 

2 AC 


BC TAB AC & BC+AC—AB 
3 : R | : © 


** A 


2AC 
— 2H—2AC X 2H—2AB 
— . * © 
EE 5 2AC 
r 
178. ar Ae 2 N H. 
For EDEN GE. (170) 
SK — C“ 
D. (776) 


i 


Therefore r= 7448 * CE*—gc= yl x 2H Xx H- CB. (476) 


=2ABX 


* 


. | 
179. BDS IX HAN =A . 
For ñ̃ᷣ5 DE x 6D. (170) 
B BC'—c@D>? 


j —— ö — ͤ —y—ę—— 1 
| — 2AB | 
Therefore BD = of ZIG x BG C55“. (177) | 


2 : 7 5 by a 

180. BG 45 X * X H—CB X H—AC X H—AB» 
For BCE X OD. Therefore pgo=y/ GE X /GD. (170) 

And GEZ— XHXH=CB. (176) GD= N X H=AC X H—AB, ( 177) 


181. Coror., Hence is derived the Rule uſually given for finding the 
area, or ſuperficial content, of a Triangle, the three ſides being known. 


RULE. 1. From half the ſum of the three ſides, ſubtract each ſide ſeve · 
rally, noting the three remainders. | 


1 Multiply the ſaid half ſum, and the three noted remainders con- 
inua V. | 5 | ) 
3d. The ſquare root of the product is the area of the Triangle. 
| | E 182, THE O- 


— 


22 


\ 


12. THEOREM XXXIv. 


a regular polygon, ABCDEF, be inſcribed in a 
Bs — poll » theſe ſides if * — to the 
circle be drawn, meeting one another in the points 
a, b, ©, d, e, F; then fhall the figure formed by 
theſe 4angents circumſcribe the circle, and be ſimilar 
10 the inſcribed figure. 


ſtruction; therefore the circle is circumſcribed by that figure. (41) 
T:.rough A and B, draw the radii 8A, $B, prolonged till they meet the 
tangent ab, in a, 5. . 
Then the trianzles As B, a6, are equiangular. | 
For the Z. at $ is common; and the other angles are equal, becauſe an 
and ab are parallel, by ſuppoſition. ES | 
Alſo Sa se For the triangles As B, 485, are iſoſceles. — 1 
And the ſame may be proved of the other triangles; and alſo, that they 
are equal to one another. 5 | 
| Therefore the figure abedef has equal ſides, and is equiangular to the 
figure ABCDEF. | | 
Now SA :'S$@ : : ab; and 8A 3. sa :: Ar: off (167) 
Therefore AB : ab:: AF : af. And the like of the other ſides. (155) 
Conſequently the figures ABCDEF, abedeß, are ſimilar, | (145) 


183. Cox. I. If two figures are compoſed of like ſets of ſimilar tri- 
angles, thoſe figures are ſimilar, | | | 


184. Cor, II. Hence, if from the angles a, b, of a regular polygon 
circumſcribed a circle, lines as, bs, be drawn to the center s; the chords 
AB of the intercepted arcs will be the ſides of a ſimilar polygon, inſcribed 
in the circle: and the ſides AB, ab, of the inſcribed and circumſcribing 
polygons will be parallel. | | | 


185. Cor. III. The chords or tangents of like arcs in different circles, 
are in the ſame proportion as the radii of thoſe circles. ©. | 
For if a circle circumſcribe the polygon. abedef; then the ſides of the 
polygons abcdef, ABCDEF, are chords of like arcs in their reſpective cir- 
cumicribing circles, | | ; 
And if a circle be inſcribed in the polygon ABCDEF, the ſides AB, ab, &c. 
| are tangents of like arcs alſo: And theſe have been ſhewn to be pro- 
portional to their radii SA, 84. = 


186. Cor, IV. The Perimeters of like polygons (or the ſum of their 


ſides) are to one another as the radii of their inſcribed or circumſcribed 
circles... . 


For $A : sas: : AB : ab. | (182) 
And AB, ab, are like parts of the perimeters of their polygons. 


187. THE O- 


Book. II. GEOMETRY. 1 


Deu. Since the circle touches every ſide of the figure abcdef, by con- 


Therefore sa: sa 3 ; perimeter ABCDEF : perimeter abcdefo (151) 


7 GEOMETRY. 


Wy.  HYHEOR E-M XXXV. 
' If there be two regular and like polygons applied to 
the ſame circle, the one inſcribed and the other circum- 
tribed + Then will the circumference of that circle, 1 
and half the ſum of the perimeters of thoſe polygons, 
approach nearer to equality, as the number of ſides in 

the polygons increaſe. 2 


DEM. It is evident at ſight, that the circumſcribing hexagon Font, 
is leſs than the circumſcribing ſquare ABE D. | 

And alſo that the inſcribed hexagon hill is greater than the inſcribed: 
ſquare abed. | 8 . 


And in both caſes, the difference between the hexagon and the circle 
is leſs than the difference between the circle and the ſquare. 


Therefore the polygon, whether inſcribed or cireumſeribed, differs 
leſs from the circle, as the number of its fides is increaſed, 


And when the number of ſides in both is very great, the perimeters of 
the polygons will nearly coincide with the circumference of the circle; | 
for then the difference of the polygonal perimeters becomes ſo very ſmall, 


that they may be eſteemed as equal. 


And yet ſo long as there is any difference between theſe polygons, 
though ever ſo ſmall, the circle is greater than the inſcribed, and leſs 
than the circumſcribed polygons : Therefore half their ſums may be taken 
for the circumference of the circle, when the number of thoſe ſides is very 
great, = | | 


Hence, the circumferences of circles are in proportion to one an- 
other, as the radii of thoſe circles, or as their diameters, 


For the perimeters of the inſcribed and circumſcribing polygons are to 
one another, as the radii of the circles, | 5 (186 


| And theſe perimeters and circumferences continually approach to 
equality, l | : 


Bock II. GEOMETRY. 


8. THEOREM XXXVI. 


In a circle AFB, if lines, BA, DA, FA, be drawn 
tom the extremities of two equal arcs, BD, DF, to meet 
lat point A of the circumference determined by one 
of chem, Ba, paſſing through the center; then ſhall 
he middle line AD, be a mean proportional between 
the ſum AB ＋ Af of the extreme lines, and the radius f 


8c of that circle, 


ee ; B 

DEu. On p, wich the diſtance Da, cut AF produced in E. 

Then drawing DE, DF, DB, the triangles ADB, EDF, are congruous. (102) 

For /_EFD=( {FDA + FAD (96) =) ZDA (128). Becauſe the arc 
DFAZDF TFA. : . 

And LE=Z. FAD (104 = DAB, by conſtruction; and DE=DA, 

Therefore EFZAB; and AEZAB+AF., a 

Draw CD; then the triangles Acp, ADE, are ſimilar, 

For they are Iſoſceles and equiangular. | | | 

Therefore Ac: AD:: AD: (AE=) AB+AF, 4 (167) 


190. Hence, whence the radius of the circle is expreſſed by x, and one 
of the extreme lines, or chords, paſſes through the center; then if the num- 
ber 2 be added to the other extreme chord, the ſquare: root of that ſum 
will be equal to the length of the mean chord. | | Ee 
For ſince Ac: AD:: AD: ABÞAF (189.) Th. 3D*=ACxABxAF-» (102) 
Now if Ac I, then aB=2; And B = 2 ＋T Ar; becauſe multiplying by 
I is uſeleſs here. Therefore ab =y TAF. 


nall, 


ons, As the ares BD and DFA make a ſemicircle, they are called the ſupple- 
leſs ments of one another: Therefore if the arc BD is any part (as, 3, 5, Pr 
ken &c.) of the ſemicircumference ; then is the line DA called the ſupple- 
very mental chord of that part. | | , 


an- pita, (page 319, Engliſh 2 this principle is applied to the doctrine 
of angular ſections; that is, to the dividing of a given arc into any pro- 
poſed number of equal parts: Or the finding of the chord of any pro- 
e to poſed arc. 8 
$6) 
the given radius Bc ; then as BFA is a right angled triangle (130), the 
ſide AF -f (113) will alſo be known, And by this Theorem 


the mean chord Ap will be known; and alſo Ds (=y/ AB*—aD*) the 
chord of half the arc pF will alſo be known, _ 


to 


And by biſecting the arc DB in G, and drawing AG, GB, the mean 
chord AG is known (189); and 6B (=y/ A868) is alſo given. 
And in this manner, by a continual biſection, the chord of a very ſmall 
arc may be obtained: the practice of which is facilitated by article (190) 
deduced from page 330 of the ſaid work, 


/ 


191. REMARK, In the poſthumous works of the Marquis de P Ho- 


For if By was any aſſumed arc, the chord of which had a known ratio to 


192. Ex- 


" I GEOMETRY. 


| 192. EXAMPLE. Required the chord of the 
| 2889178 part of the circumference of a circle, the ra- 

| dius of which is 1. Or, required the fide of a re- 
gular polygon of 3072 fides, inſcribed in a circle, 

the diameter of which is 2. En | 


A © F 2 


Let Apr be a ſemicircle, the diameter Arg 2, and center c. 5 
Take the arc Aba; of the ſemicircumference, or equal to 60 degrees; 
and draw Dc, DA, DF, | | | 


Let d repreſent the point where the arc is bifeQed; dy the ſupple: 
mental chord to that biſection: and let the marks d, d, di,, div, &c. ex- 
preſs the biſected points agreeable to the number of biſections. 


193. Now ſince 2 ACD=60®; . | 5 
Therefore C cο Lapc=(180%b0%=)120% 600 


| But C EAD= ADC (104) 3 then 2. cab (EER) 60% 
Therefore DA (DC Ac) 1. | 


And as the triangle Apr is right angled at B. (130 


Then Dr ( (113) -I Y)Y3 1,7 32050807 568877; 
Therefore the ſupplemental chord of the are 


. | | | $f 
| of the ſemicircumference is FD =/3  =1,732050807 5688773 
— Zof the ſame (190) is Fd =,/2+FD =1,9318516525781366 
12 : 3 ra, S f Fa, =1,9828897227476208 
2 | rd, =/2+xd” =1,9957178464772070 
pe þ Fdiv =/2+Fd” , 9989297749527313 
* I Fd” =y/2+rdiv 21,9997322758191236 
K 7 | rd = N.. Fd" A1, 9999330678 348022 
1 Fdvii =1/2+Fdvi 1, 9999832668887013 
1 2Y dür Vz +pgvi =1,9999958167 178004 
„ Fdix S dt =, 999998954779 176 
Now F4ix the ſupplemental chord of gr being known, the chord 
| Adix of ue part of the ſemicircumference, or of 2872, part of the whole 


circumference, is alſo known. 
„ . adix=(v/ FP —FF*=) y/ 4— == 0,002045307 3606764 
194. Conſequently, the ſide of a regular polygon of 3072 ſides, in- 
ſcribed in a circle whoſe diameter is 2, is 0,002045307 3606764 


195. The 


II. 


*r GEOMETRY. | 7 2 


19 The ide of a ſimilar polygon circaneribing E L R 
the 95. circle, the center r of which is e, may be e thus ,\ Een rar ey ON 


found. 


Let BE be the fide of the at polygon ; 
and draw Be, EC, Cutting the circle in D and A. 
Draw 4, and it will be the fide of the inſcribed 
polygon; and is parallel to. BE. | (184) © 


Draw c1 biſecting the angle Bce, and it will biſe& Bs and DA at right 
angles (103). And Do = (Z DASA) FAd*. 
Then c D -O Vi- Ad 
But 1 Adix go, 1022653080338. And its e is 0,00000104582055 
Which ſubtracted from 1, leaves 299999595417945 


Whoſe ſquare root, or c, is equal to ©,99999947 708959 
Now the triangles CBI, CDG, are ſimilar. 


Then CG : 1: 3DG ; AB&;:- +5: oh (167, r51) 
Therefore (2B1= ) = — wn 1 iel. 


— 


o, oo204 5307 3606764 : 
=0,0020453084.3018 
0 u ©,9999994 770895883 =0,002045 308401895 


which is the ſide of a regular polygon of 3072 ſides, crcumſeribing A 
circle the diameter of which is 2. 


196, Scnoirom. The ſide of a regular polygon of 3072 ſides, in- 
ſcribed in a circle, the diameter of which is 2, is 0,002045307 3606764, 
(194). Which multipiied by 3072, will give the perimeter of that poly- 


gon, which is 6,28318421 19979622. 
The ſide of a fimilar polygon, circumſcribing the fame circle, is 


0,00204.53084 3018 I 
Which multiplied by 307, will give for the —— 7 — 
hon 565283187497 3420925. 
The ſum of theſe perimeters is 12,566 37 17093400547. 
The half ſum is 6,2831858 5, Sc. 
Which is very 8 equal to the circumference of a circle, the diameter 
of which is 2 (187), the difference between it 
. the 1 inferibed polygon being only 0,00000164, We. 
and the circumſcribed polygon being only 0o,00000164, c. 


197. Now the 668 of circles 8 in the ſame proportion 


as their diameters. ( 188) 
Therefore the diameter of a circle being 1, 


The circumference will be 3141592, — which agrees with the 


circumference as found by other methods. 
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GEOMETRY. 


S E C T. I 0 N V. 
Of Planes and & olidr. 


DEFINITION S and 8 


198. A line is ſaid to be in a plane, when it paſſes through twoor Mon 
points in that plane; and the common ſection of two planes is a line 
which 1 is in both of them, | 


\ 
—..& 


199. The inclination of two meeting planes AB, 

CD, is meaſured. by an acute angle GFH, made by 

two right lines FG, FH, one in each plane, and both 

drawn perpendicular to the common ſection DE, of 
theſe planes from , ſome point in it. | 


20. A right line pt interſeQing two | des AC, 
BC, of a triangle ABC, fo as to make angles CDE, 
CED, within the figure, equal to the angles CBA, 
C43, at the baſe AB, but with contrary ſides of the 


triangle, is. ſaid to be in a ſubcontrary poſition to 
the baſe, 


201. If a circle in an oblique poſition be viewed, 
it will appear of an oval form, as ABCD ; that is, it 
will ſeem to be longer one way, as Ac, than another, 
as DB, nevertheleſs the radii EA, EB, are to be 
eſteemed as equal. And the ſame muſt be under- 
ſtood in viewing any regular figure, when pinces | 
obliquely to the eye. | 


202. If a line be iced to any point 0 * the 
plane of a circle ADBE, and this line while ſtretched 
be moved round the circle, ſo as always to touch 
it; then a ſolid which would fill the ſpace paſſed 
over by the line, between the ciicle and ihe point 
C, is called a Corn 9 


203. If the figure ARE had been aw and the iiverched line had 
moved along its ſides, the figure which would then * been deſcribed, 
is called a PYRAMID. 
So that,Cones and Pyramids are ſolids which regularly taper from a 
circle, or polygon, to a point. 
F be circle or polygon is called the Boſe ; ; and the point c the Vertex. 
- When the vertex is perpendicularly \ over the middle or center of the 
vaſe, then the ſolid is called a RiG6nT Cone, or a RicyT PYRAMID; 
otherwiſe an OBLIQUE Cont, or OzLiQue PYRAMID. 


204. If a Cone or Pyramid be cut by a plane paſſing through the ver- 
tex c, and center of the baſe , the ſcion Md or EDC, is a triangle. 


205. A 


one perpendicular can be drawn to that plane on the 
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205. A right line An, is perpendicular to a plane ep, Py 
when it makes right angles ABE, ABF, ABG, with all C nd 3 
the right lines BE, BF, Bo, drawn in that plane to touch = | | 
the ſaid right line AB. | LG 
| FD» 
206. So that from the ſame point B, in a plane, only | 9 


ſame ſide. 5 


: 1 ; 
207. A plane AB, is perpendicular to a plane ep, 
when the right lines EF, GH, drawn in one plane AB, at 
right angles to FB, the common ſection of the two 
planes, are alſo at right angles to the other plane cp. 


208. So that a line Er, perpendicular to a plane cp, is in another plane 
AB, and at right angles to FB, the common ſection of the two planes. 


If two planes AB, CD, cut each other, their common ſeftion 
BD, will be a right line. | 


5 L— 
Dru. For if it be not, draw a right line DEB in the — Heck ths 
point D to the point B; alſo drawa right line DF in the plane Bc. 
Then two right lines DEB, DFB, have the ſame terms, and include a 
ſpace or figure, which is abſurd. 7 
Therefore DEB and DFB are not right lines: Neither can any other 
lines drawn from D to B, beſides Bo, be right lines. 


line. 
20, THEOREM XXXVII. 
Tf two planes AB, CD, which are both perpendicular 


to a third plane EF, cut one another; their interſection 
HG is at right angles to that third plane EF, | 


Dem. For the common ſection of AB and op is A tight line Gn. (209) 


Alſo HB, HD, are the common ſections of AB, op, with the plane Rr. 
Now from the point H, a line HG drawn perpendicular to the plane Er, 
muſt be at right angles to HB, HD. {205) 


But n muſt be in both planes AB, ep. (208) 


Therefore it muſt be in the common ſection of thoſe planes. 
Conſequently the ſection HG of the planes AB, op, is at right angles to 
the plane EF, 8 N i, | 


Wn 7 211, THEO- 
0 ; 2 


Conſequently the line DB, the common ſection of the planes, is a right 
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The ſections aebd, of a Cone or Pyramid CAEBD, 
which are parallel to the baſe AtBD, are ſimilar to that 


boſe | 
Dem. Forlet AFBC, DFEC, be ſections through the 


vertex c, and center F of the baſe. e 
Then theſe ſections will cut one another in the 
right line Fc (209), and the tranſverſe ſection abde, 
in the right lines ab, and ed, interſecting in fr. 
Then are the following ſets of triangles ſimilar; 
namely, Arc, 5e; Bec, e; pre, dfc; kre, 
3 = | | | 
herefore vc: fo: : Fa: fa ny I 
2: FB; A the like in any other ſection 


:: FD: fa through c and . (165) 

| 2: FE: fe — | £ 

| Now in the Cone, FA=rB=rD=FE ; therefore fa=fb=fd=fe. (151) 

So that all the right lines drawn from / to the circumference of the figure 
adbe are equal to one another. 1 nd | | 
1 the figure adbe is a circle. (9) 

And in the Pyramid, Fc: fe:: DC: de:: DB: db: : DA: da. | 


| mW nice: nt Ä 

Therefore in each pair of correſponding triangles in the baſe and tranſverk 
ſection, the ſides are reſpectively proportional. 2 | 

Conſequently, as the baſe and tranſverſe ſection are compoſed of like ſets 


of ſimilar triangles ; therefore they are alſo ſimilar. | (183) 


LY 5 


212. THEOREM XL. 


1 If a Cone ABLCK, the baſe of which is a circle 
CBLCK, be cut by à plane in a ſubcontrary poſition 
to the baſe, the ſection DIE H. will be a circle. 


| | $5.5" 5 | 
Dem. Through the vertex A, and center of the baſe, let the triangular 
ſection ABC be taken, ſo as to be at right angles to the planes of the baſe 
BKCL, of the ſubcontrary ſection Dita, and of the ſection FIGH, taken 
parallel to the baſe, and cutting the ſubcontrary ſection in the line 108. 
T herefore IOH is perpendicular to DE and Fe (2 Io) cutting one another 
FOES Hanes | , | x . 
Now the ſection FIGH is a circle (211). Therefore ro x o =01?, . (171) 
Again the triangles Goe, FoD, are ſimilar. TL | 
For 4 6E0= 4 DFo=Z ABC by conſtr. And / GOE= CL Dor. (93 
Therefore Eo: 0G : : Fo : Do (167.) And EO Xx DOS FON 0G (162) ol. 
So that or is a mean proportional, either between Fo and od, or Do and 
EO, But as the ſame would happen wherever Fro cuts DE ; therefore al 
the lines or, both in the ſeCtions F1GH and DIE, are lines in a circle. 
Conſequentiy the ſection DIEH is a circle, | 


213. li 
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213. If the ſection cut both 1 of the cone not in a ſubcontrary po- 

ſition to Bc, the diameter of the baſe, then the ſection (ſuppoſe it ſtill) 

DIEH, is called an ELLIPTIC SECTION, which, though not a circle, will 


be a bounded curve, longer one way than the other ; and, like a circle, 
return into itſelf, j 


The curve DIEH is called an Ellipſis. 


214. The line DE, the TRANSVERSE Drameren or Axis. : 


The line on or ol, is called an Ozvinarte. 


215. The ordinate PRA the middle of DE, is called the Fon _ 
GATE AXIS» 


| The interſection of the Tranſverſe ld 9 Axis, is called the 
CExrEx of the Ellipſis. 


. - 
. » 
_ . „5 © ac 
ped — 5 4 P * - Fu 


216. If a circular arc be deſcribed, with a radius equal to half the 
Tranſverſe Axis, from one end of the Con ugate Axis, its interſections 


with the Tranſverſe Axis, are ns Foct, one on each fide of the center 


of the Ellipſis. 


217. Every right line paſſing through the center of the Ellipſis, 4 
terminated at each end by the curve, is called a DIAMETER, ; 


218, The radius that 3 deſcribe a circular arc of the ſame curva- 


TURE, 


ture with the ellipſis: at ay point of | it, is called the Rar1us oF CURva- 


- 


A 1 to any point in the Ellipſis, is a right line . 
to the radius of curvature at that point. 


219. Two Diameters being ſo drawn, that one is * to a tangent, 
and the other paſſes through the point of contact; thoſe two Diameters 
are ſaid to be Cow j ud ATE DIAMETERS ; and have certain relations to 


their Ordinates, Tangents, Radi of Ln and othef lines belonging 
to the Elliplis. | | 


220. A third a to any two Gage Diameters, | is called 
the PARAMETER, | . 


SECTION 
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SECTION VL 
Of the Spiral. 


221. Suppoſe the radius of a circle to revolue with an uniform muticy 
round its center, and while it is ſo revaluing, let a point move along the re. 
dius; then will the ſucceſſiue places of that point be in a curve, which i 
called a ſpiral, Rs „ . 


This will be readily conceived by imagining a fly to move along the 
ſpoke of a wheel, while the wheel is turning round. 


If while the radius revolves once, the point has moved the length cf 
the radius; then the ſpiral will have revolved but once round the center, 
or pole; conſequently the motion in the circumference is to the motion 
in the radius, as the circumfererce is to the radius: And if the wheel re. 
volves twice, thrice, or in any proportion to the motion in the radius; 
then the ſpiral will make ſo many turns, or parts of a turn, round the 
center. | | | 


222. Now ſuppoſe, while the radius revolves equably, a point from th 
circumference moves towards the center, with a motion decreaſing in a geome. 
eric progreſſion ; then will a ſpiral be generated, which is called a proportiona 


iral. . 


Let the radius cA be divided in any continued de- 
creaſing geometric progreſſion (90), as of 10 to 8; 
then the ſeries of terms will be 10; 8 6,4; 5,12; 
4,096; 3,2708; 2, 62144, Sc. Allo let the cir- 
cumference be divided into any number of equal 
parts, in the points 4, e, F, g, &c. Then if the ſeveral 
diviſions of the radius CA be ſucceſſively transferred 
from the center c, en; the other radii in the 

points D, E, r, G, &c. and a curved line be evenly Eu 
drawn through thoſe points, it will be a ſpiral of the kind propoſed, 


223. From the nature of a decreaſing geometric progreſſion, it is al 
to conceive that the radius CA may be continually divided; and althoug 
each ſucceflive diviſion becomes ſhorter than the next preceding one, yet 
if ever ſo great a number of diviſions, or terms, be taken, there will {til 
remain a finite magnitude. | 


224. Hence it follows, that this ſpiral winds continually round the 
center, and does not fell into it till after an infinite number of revo, 
lutions. $ 

Alſo, that the number of revolutions decreaſe, as the number of ths 
equal parts, into which the circumference is divided, increaſes. 
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Any proportional ſpiral cuts the intercepted radii at 
equal angles. a f | 


oy 
. 


Dem. If the diviſions Ad, de, ef, fg, &c. of the 
circumference were very ſmall, then would the ſe- 
yeral radii be ſo cloſe to one another, that the in- 
tercepted parts An DF, EF, FG, Cc. of the ſpiral, 
might be taken as right lines. — 
And the triangles CAD, CDE, CEF, Sc. would be ſimilar, having —_— 

angles at the point c, and the ſides about thoſe angles proportional. pw. 

Therefore the angles at A, D, E, F, &c. being equal, the ſpiral mult ne- 

ceſſarily cut the radii at equal angles. SEL 


216. Molin 


If the radi of any proportional ſpiral be taken as numbers, then will tha : 
correſponding arcs of the circle, reckoned from their commencement, be as the 
hgarithms of thoſe numbers. Ee . ; 
Dzm. As the lines cA, CD, CE, CF, CG, &c. are a ſeries of terms in 

geometrie progreflion ; and the arcs Ad, Ac, af, Ag, &c. are a ſeries of 
terms in arithmetic progreſſion; therefore theſe ares may ſerve (I. 66) 

as the indices to the geometric terms, and be thus placed; 5 


Radii of the ſpiral Ca, CD, CE, CF, CG, c. Geometric terms. / | 
Correſponding arcs o, Ad, Ae, Af, ag, &c, Arithm. terms, or indices. 


In this diſpoſition, the firſt term ca is not diſtant from itſelf, therefore 
its index is repreſented by O. | „„ ; | 
Then if the diftance of the ſecond term cp from the firſt term ca be ex- 

preſſed by the arc Ad; the diſtance of the third term cx, from ca, will 

be expreſſed by the arc Ae; and ſo of thereſt, 

Conſequently, it the terms in the geometric feries be repreſented by 
numbers, taken as parts of the radius, then the numbers of the ſame 
kind, expreſſing the meaſures of the arcs, or indices, will be as the loga- 


rithms of the geometric terms. (I. 73) 


227. Cogor. If the difference between Ca and cg was indefinitely 
ſmall, or CA and ch were nearly in a ratio of equality; then migat the 
number of proportional lines into which CA could be divided, be fo many, 
that any propoſed number might be found among the terms of this ſeries; 
and if the number of parts in the circumference was increaſed in like man- 
ner, then would every term of the proportional diviftion of the radius ca 
have its correſponding index among the equal diviſious of the eircumfe- 


D » . . 
rence 3 and conſequently would exhibit the logarithms of all numbers. 
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There may be aloft « an infun 
variety of proportional ſpirals, and 
as many different on of lega- 
rithms. 5 


Dru. For with the fame equal eiten Ad, de, of, Sc. of the circum. | 
” ference, every variation in the ratio of CA to CB, as: of ca to cb, will 
produce a different ſpiral, aonm. 
And with the ſame diviſions of the radius a and different ſets of equal 
parts, Ad, de, ef, &c. and Ap, pg, gr, Sc. of the circumference, may be 
formed different ſpirals ADEF, Alk. 
WE; Alfo, varying at the ſame time both the diviſions of the radius and cir. | 
cumference, different ſpirals will be produced. 
But the variations in theſe three caſes may be almoſt infinite: There- 
fore the number of ſuch ſpirals are almoſt infinite. | 
Now it is evident, that there is a peculiar relation between the rays 44 
any ſpiral, and the correſponding ares of the circle; that is, between the 
terms of a geometrie progreſſion, and its indices: Therefore there may be 
as many kinds of logari ms, as there are praporticune ſpirals. 


a. 


229. THEOREM XLIV. FEES, 


That propertional Spiral tohich interſeci equi Man- rays « at an 2 of 45 
degrees, produces logarithms that are of Nepier's kind. - 


D xx. Suppoſe as, the 8 between CA and cB, the firſt and ſe 
cond terms of the geometric progreſſion, to be indefinitely ſmall, and 
take ap, the logarithm of cn, equal to as; then may the figure Ann be 
taken as a ſquare, whoſe diagonal An would be part of the ſpiral AH1K, 
and the angle BAH would be half a right one, or 45 degrees. p 
Therefore that ſpiral which cuts its rays CA, ch, Cc. at angles of 45 
degrees, has a kind of Jogarithms belonging to it, ſo related to their cor- 
reſponding numbers, that the ſmalleſt variation between the firſt and On 
numbers is equal to the logarithm of the ſecond number. 
But of this kind were the firſt logarithms made by Lord Nepier.. 
Therefore the logarithms to the ſpiral which cuts its equidiſtant rays * 
an 1 of 45 — are of the W __ 
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F SECTION-1: 
Definitions and Principles. 


8 N 


— 


1. LANE TRIGONOMETRY is an art which ſhews how 


to find the meaſures of the ſides and angles of plane Triangles, 
ſome of them being already known. | | 


It will bo proper for the learner, before he reads the following Articles 


to turn to th gefinitions relative to a circle and angle, contained in the 
ones 8, 95 lc, IJ, IA, 13, 14, 15, 16, 17, 18, 195 and 36, ” 
- A Triangle conſiſts of ſix parts; namely, three ſides and three 
angles, IP Dp 

The ſides of plane triangles are denoted, or eſtimated by meaſures of 
length; ſuch as Feet, Yards, Fathoms, Furlongs, Miles, Leagues, c. 

The angles of triangles are eſtimated by circular meaſures, that is, by 
arcs containing Degrees, Minutes, Seconds, &c. (II. 15); and for con- 
venience theſe circular meaſures are repreſented by right lines, called 
ght ſines, tangents, ſecants, and verſed fines. 1 

Þ : | | 3» 2 
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3 The | IV SiuE of an arc, is a right line drawn from-one wy 
the are perpendicular to a radius drawn to the other end: Ori it is half th 
"more of the —_— of. that arc. 5 
Thus in is ; the right fine of f the arc 48; and 
| alſo of the arc DBA, es 

4 The TaxcenT. of an are, is a rig aht ng N 
touching one end of the arc, and r. till it DER 
meets a right line drawn from the center through the 
ether end of that arc. ; 
Thus or is the tangent of the are G4. 


5. The SECANT of an arc, is a 2 right line FEW through the center ant 
one end of the arc, and produced till it meets the tangent drawn from the 
other end, * \ 1 X 1 | 

Thus CF is the ſecant of tue are AG. | LS. 2 


6. The VERSED Sins of an arc, is chat part of the radius — 
between the arc and its right fine. 
Thus B is the verſed ſine of the arc AG. * 7 


7. The CoMpPLEMENT of an arc, is what that arc wants. M. (1 
degrees. 


Thus if the arc 38 Then An is called the complement of Ac; 
and AG is the complement of AB. 


8. The SUPPLEMENT of an are, is what that arc wants of 18 
degrees. , 


T hus the arc ABD is the ſupplement of AG ; and AG of ABD. 


9. The (ores of an arc, is the right fine of the complement of th 
AIC. 


The Co-raxc ENT of an are, is the tangent om that arc 's compleman 
The Co-sxcanT of an arc, is the ſecant of its complement. 


The Co-vERSED SixE of an arc, is the verſed ſine of its complement. 

Thus ar, BE, CE, BI, being reſpectively the ſine, tangent, ſacant, and 
_verfed fine of the arc AB, which is the complement of A0; therefore 43 
is called the co- ſine, BE the co-tangent, CE the — bu the N 
line, of the arc AG. '2 

The right lines, called fines, tangents, ſecants, and Inn 3 are 
ufed as well for the meaſures of angles, as for- the ares which meas 


theſe angles: And it is as common to fay the ſine, W Sc. of an ang! 
as the ſine, tangent, Oc. of an arc. 9 


©} LEED | ; 10. Ti 
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10. The greateſt right fine, is the fine of Ys . nd the ** 3 
Jeſs than go", ſerve æqually for ares as much greater than 999. ; 


Thus the lines of 80e and 10 100; of 607 and 1200 3 « of 40 and 140*, &c. | 


are reſpectivel . 4 5 N f 
11. The ſame tangent and fecant will ſerve to arcs equally diſtant from 
degrees; that Xe o any arg and its ſupplement. 
Thus if the arc/BA KBA; then the arcs GN, GA, Dk, 


are equal; and the arcs GAK "and. GN, or DK, are ſupplements to one an- 


other: Then the ſine Kit, the tangent Gr, the ſecant cx, of the are GBR, 
are reſpectively Oy to the ſi 6s the Fang or, the ſecant er of the 
arc GA. | Oy; 


12. When an arc is greater than. go, the ſine, tangent; ſecant, of the 


ſupplement is to be uſed. 


13. The chord of an arc is + equal to twice the co-ſine of half the 0 
lemental arc. 

Thus Ax, the ard: of the arc AGN,=2C1, the co-ſine of the arc AB, 
and AB is half of the dl ABK, the ſupplement of ACN. 


14. The verſed ins and co- ſine together, nN 4 any are AG, is 
equal to the radius: en being * to Al. | 


15. The fan 4angents, ſecanty, or verſed ſines of ſimilar arcs in dif- 
ferent circles, ate in the ſame proportion to one another, as the radii of 
thoſe circles. (II. 185) 


16. The angles of two wriangle may be reſpeRively equal, although 


their ſides may be unequal. 


Therefore in a triangle among the things given, in order to find the 
reſt, one of them muſt be a ſide: 0 
In Trigonometry, the three things given in a triangle muſt be either, 
1ſt, Two fides and an angle oppoſite to one of them. 
2d. Two angles and a fide oppoſite to one of them. 
zd. Two fides and the ALE angle. 
4th. The three ny. FI 


4 


In either caſe, the — HS things may be found by the help of a ſew 
Theorems, and a Triangular Canon, which is a table where is orderly 
iaſerted every degree and minute in a quadrant or arc of go degrees; and 


againſt them, the meaſures of the lengths of their correſponding lines, tan- 


e and ſecants, eſtimated in parts of the radius, which is uſually 


ppoſed to be divided into N of equal parts; as IO, _ 1000, 
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SECTION U. 5 

Of the Triangular Canon. 
PROPOSITION L 


17. To find the lengths of the Chords, Sines, Tangents, and Secants to ar; 
of a circle of a given radius. | SY 


50) draw the lines cr, 56.: On c, with the 

radius CD, deſcribe the quadrantal arc Da, and 

draw' the chord DA. | 5 

18. For THE CHok sps. Triſect the arc Ap 

(II. 61.), and (by trials) triſect each part; then 8 | 1 55 

the arc AD will be divided into 9 equal parts g _- 
— 


ConsTRUCTION. Through each end of the * ; : 
given radius CD, and at rig angles to it (II. 70 


of 10 degrees each; if theſe arcs are divided | 
each into 10 equal parts, the quadrant will be g;þ......... 
divided into 99 degrees: But, in this ſmall | 
figure, the diviſions to every 10 degrees only- 
. axe retained, as in (II. 83.) 5 ; ; 
From d, as a center, with the radius to each ol £ £ 
diviſion, cut the right line Da; and it will © Bo ; 
contain the chords of the ſeveral ares into 
which the quadrantal arc Ap was divided. 
For the diſtances from p to the ſeveral di- 2% . 
viſions of the right line DA, are thus made re- 4 SIS: 
ſpectively equal to the diſtances or chords of | 

e ſeveral arcs reckoned from. 

19. Fox THE Sings. Through each of the 
diviſions of the arc Ap, draw right lines pa- 
rallel to the radius Ac; theſe parallel lines will Fol 
be the right ſines of their reſpective arcs, and |_ *'*: 
CD will be divided into a line of fines, which | 
are to be numbered from c to p, for the right 5 
fines ; and from p to c for the verſed fines o d 

For the diſtanee from < to the ſeveral diviſions of the right line cp, att 
reſpectively equal to the fines of the ſeveral arcs beginning from a. 

20. FoR THE TAnNGEnTs. A ruler on c, and the ſeveral diviſions of 
the arc Ap, will interſect the line DG ; and the diſtances from P to the 
feveral-diviſions of DG, will be the lengths ofathe ſeveral tangents 

21. Fox THE SECANTS.. From the center c, with radii to the divi- | 
ſions of the tangents DG, cut the line c; and the diſtances from c to the 
ſeveral diviſions of cy, will be the lengths of the ſecants to the ſeveral arcs. 


For theſe lengths are made reſpectively equal to the fecants reckoned 
from c to the ſeveral diviſions of the tangent 06. 1 


22: It 
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22. If the figure was ſo large, that the quadrantal arc could contain 
every degree and minute of. the quadrant, or 5400 — parts; then the 
chord, ſine, tangent, and ſecant to each of them could be drawn. Now a 
cale of equal parts being conſtructed (II. 81), 1000 of which parts are 
equal to the radius cp; then the lengths of the ſeveral ſines, tangents, and 
ſecants may be meaſured from that ſcale, and entered in a table called the 
triangular canon, or the table of ſines, tangents, and ſecants. | 

But as theſe meaſures cannot be taken with ſufficient accuracy to ſerve 
for the computation to which ſuch tables are applicable; therefore the - 

| ſeveral lengths have been calculated for a radius divided into a much greater 

arc! number of equal parts; as is ſhewn in the following articles 


III 


"4 In any circle the chord of 60 degrees is equal to the radius : and the fine 
3 of 30 degrees is equal to half the radius, ED . 
Dzm. Let the are cx, or 4 ABS YO degrees; 
and draw the chord cB. | 1 

Now ſince the radii Ac and AB are equal; (II. 9) 
| Therefore . . , S. * 104) 
| 

8 


And the c + 4B= (180% ( a=) GO) 
120? 5 (II. 96) 
: Therefore Z c, or Z. B = (half 120?; or =) 60 
* = 4% % 8 | 
Conſequently cB=AB=AC. . | | 
From A, draw the radius Ak perpendicular te CB, - = oY 
Then AE biſects the arc cs, and its chord. TY (II. 124) 


2 

1 And cp ſine of (the arc c half of 60) 300. (3K. 
þ Conſequently op is equal to half the radius as. - 

E 24. Hence, Twice. the co-fine of 60 degrees is equal to the radius. 

| pet 30? — the complement of 60%, and twice the fine of 30 is equal 
to the radius. . Os 5 


25. „„ a 22 > 
+ Oe To find the fine of one minute of a degree. | 
It is evident (II. 187), that the leſs the arc is, the leſs is the difference 
tween the arc and its fine, or half chord; ſo that a very ſmall arc, ſuch 
as that of one minute, may be reckoned to differ from its fine, by ſo 
{mall a quantity, that they may be eſteemed as equal; and conſequently 
may be expreſſed by the fame number of ſuch equal parts of which the 
radius is ſuppoſed to contain 1,00000, Ec. which is readily found by the 
following proportion. : ü . | 
| As the circumference of the circle in minutes 21600 | 
To the circumf, in equal parts of the radius (II. 196.) 6, 283188 
18 the arc of one minute 414, » 
To the correſponding parts of the radius IJ 0,0002908882, 
20 that for the ſine * minute, may be taken o, oo 2908882 


26. PROP. 


aw - LY 


, 
F. 


Jo the ſum of the fines of two equidiſtant extremes. 


= [TETIGO N © M ET R T. Book Ill. 


26. SG | PROP. IV. . 


In a ſeries of ares in arithmetic un the * 4 any « ns of 2 
talen as a mean, and the ſum of the ſines of any other < taken of a 


diftant extremes, are ever in a conſtant ratio 7 radius to twice the co. ſne of 
tbe common difference of thoſe arcs. 


Dzu. For in a circumference, the 
center of which is c, and diameter AB, 
let there be taken a ſeries of arcs, ARB, 
Axp, ARE, A, ARG, ARH, Oc. 
the common difference of which is 
the arc BD. | 
Then drawing the chords as, An, 
AE, AF, AG, AH, Sc. their halves will 
be the fines of half the arcs ARB, AR, 
Se.. (3 | ; 
Alſo half the arc Bo, is che common difference of half the x arcs any 
ARD, ARE, &c. (II. 150) 
And the chord Ap is twice the e of half the ſupplemental are 
BP, | [ 
| From the deine D, E, F, G, Sc. with the radii DA, EA, FA, a 
cut AE, AF, AG, AH, Fc. produced in 1, u, IL, M, Sc. draw ID, KH 
LF, MG, &c. and BD, DE, EF, FG, GH, Cc. 
Then by the firſt part of the demonſtration Ul. 189), the —_— 
triangles are congruous, namely, 
ABD, IED; ADE, KFE; AEF, LGT; AFG, MHC, Cc. 
Therefore IE AB; KF=AD; LG=AE; MHEAF, GWG. 
Alſo the triangles IDA, KFA, LTA, GA, c. being each of then 
 Hoſceles, and their angles reſpectively equal, are ſimilar to DCA. (II. 10) 


Therefore SA: An: : (AD: (Ar 220 ART AE: :) 14D: ABT 1A 
: (AE : (AK=) ADT Ar: :) Z AE: 2 L AD TT Af. 
:: (AF: (Al ) AET AG: :) E Ar : Lag +346 
&c. „e. 
The halves being in the ſame ratio as the wholes, 20 (IL 150) 


27. Conſequent]y, in a ſeries of arcs in arithmetic progreſſion, 1 
ARB, FARD, 2 ARE, c. the common difference of which is half te 
arc BD, it will be, : | (IL 164} 

As (Ac) radius, | | 

To (Ap) twice the co-ſine of the common difference; 

So is the {ine of either arc taken as a mean, 


28. Hence, The ſine of either extreme, ſubtracied from the produd of the 
Ane of the mean by twice the co-ſine of the common n will give the fit 
of the * extreme. (II. 164) 


7 | | | | 29. When 


i = 5 * 
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29. When the common difference of three ares is 60 degrees 1 z then 
twice the co-fine of that difference is equal to the radius. (24) 
And with any ſuch three arcs, as 30, 90, 150; or 25, 35, 1 145; or 
20, 50 140, Cc. it will be (27). 


1 col 6o=) & : 2 8, 9: (s, 304 . 135 562 8, 30% +8, 305. 

: : 8, 85 : (s, 255, 145 ) 8, 25, 355. Bag 
: 8, 80 : (s, zT % 40. 8 
; 88 : (8, 159 ＋ 135˙ ) 8, 5 +Þ 1 


{#0 A; 1501 Co IS” F 


* 
% „% „ 


1 


Mere the firſt and ſecond terms in the proportions being equal, 6 
hird and fourth terms are alſo equal. 

30. Hence, The ſine of an arc greater than 60 degrees, i is equal to the ſine 
an arc as much leſs than 60 degrees, added to the fin ne 75 its * from 
bo degrees. 

I the ſines of arcs ; above 60 b are readily obtained from 
hoſe vr. bo! "degrees. | | 


ö P R P. " = 

31 1 3 \ A K | / 0 | 
The right ſine of an arc being e 70 fd its 6 ine; and from the) 2 
p find the tangent, ſecant, vaſe N ne; and a _ the ——_— co-ſecant, 


nd co-venſed fine. + 


Let AG be any arc, and let AH be its 1 Al its 
o- ſine; GF the tangent, BE the co-tangent; CF BN 
he ſecant, CE, the co-ſecant ; z HG the verſed ſine, BI . 
he coverſed Re. 5 1 
Now if the ſine an be given, then the co- ſine Al or 
1, will be known III. 113:) For ca- AHR. 
herefore\ the ſquare root of the difference between the | 
8 of the radius and ſine, will be the co ine. 0 


1 : 
- > Al 
4 AF, Then the verſes ſine HG c -c; andco-verſed fine 1I8 c- ct. 
JAG, 3. And fince the triangles HA, CGF, CBE) are ſimilar, 


Therefore (II. 167) ch: HA: : CG : GF, the tangent. 
33. . That is, As the Hine to the ſine, ſo is radius to the . 
12 CH: A:: c: CF, the ſecant. | 
37 That is, As the co-fine to the radius, ſo is radius to the ſecant. © 


„ vik 
If the | 55. 1 CI: A:: B: CE, the co-ſecant. 
That is, A. tbe fone to the radius, ſo is radius to * co- ſecant. 


Alſo ci: IA: : c: BE, the co-tangent, 
35 hat is, As the fore to the co ſine, ſo is radius to the co-tangent. 

Or or: :: CB : BE; that is, As tangent : rad. : : rad. : co-tangent. 
37- Hence it is evident, that the tarigent and-co-tangent of an are of 45˙ 

' are equal to one another, and to the radius, or Ane of 90 degrees. 
And as the ſquare of ae is equal to the an of _ tangent 
and its co-tangent, | 
Therefore tan. x cot. tan, R cot. Therefore tan, 2 tun.: : cot, : cot. 
| II. 16 

Ur the n of different arcs are reciprocally as their e a) 


38. The 


9 T RIGONOME TRT. Boch In 
. Tho principles by which the lengths of the fines, tangents, b 
cants, &c, may be conſtructed, being delivered, the following example 
are annexed to illuſtrate this doctr ine. 


1 E aa a — 


| | | Roquired the co-fine of one minute. | ; 
The fine of 1 minute beigg 50, 0002908882 (2g) 

Its ſquare is  - ' +++  ©,0990000846159 

Which ſubtracted from the ſquare of radius 1 | 
Leaves 5 979999999 753840 


Whoſe ſquare root / 

co: ſine of 1 minute; or the fine 89 50. „ _ 4 9 

Now having the fine and co-fine of 1 minute, the other fines may be four 
in the following manner. Fd „„ 


twice the cof. 1 min. x fine of 1 m. ſum of the ſines of ff & 2. 
twice the coſ. 1 min. x fine of 2 m. ſum of the ſines of 17 & 3. 
twice the coſ. 1 min. x ſine of 3 m. ſum of the ſines of 2 & . 
twice the coſ. 1 min. x ſine of 4 m. ſum of the fines of 7 & 5. 
twice the coſ. 1 min. x fine of 5 m. ſum of the ſines of  & . 


Proceeding thus in a progreſſive order from each ſine to its next, all th 
fines may be found. pen 5 


But as twice the co-ſine of 1 minute, vi. Multi ee 
1,9999999 1 54 is concerned in each operation, pliers. Products. 
therefore if a table be made of the products of. 1 
this number by the nine digits, as here annexed, x 1,9999999 6 
the computations of the ſines may be performed 2 39999998 0 
by addition only. 7 5 3 | $,999999746: 

For the products by the digits in the given | 4 | 79999996616 
multiplier, being taken from the table, and E 5 9,9999995710 

| yyritten in their proper order, will prevent the | - © | 1199999949 
trouble of multiplication. „5 |. 7 113999999 4% 
And even this operation may be very much | 8 15.599881 
ſhortened, by ſetting under the right hand place 122222225 


(viz. 4.) of the double co-fine of one minute, the unit place of the fin 
uſed as a multiplier, and reverſing or placing in a contrary order, all is 
other figures: then the right-hand figure of each line ariſing by the mult- 
plication, is to be ſet under one another; and in theſe lines, the firſt figut 
to be ſet down, is what ariſes from the. figure ſtanding over the preſent 
ultiplying one; obſerving to add what would be carried from the plact 
Omitted, | 85 55 2 8 
Nov if the products of the figures in the multiplier, thus inverted, bt 
taken from the above table of products, it is neceſſary to remark what nun- 
ber of places will ariſe from each digit uſed in the multiplier; then in the 
products of thoſe digits in the table, take only the like number of places 
obſerving to add 1 to the right-hand place, if the next of the omitted 
figures exceed 5, | pes Los | 


7 Regiind 
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| Required the ſine of two minutes. 

The fine of I min. placed in an inverted order 1 95969991 $4. 
under the double coſ. of 1 min. as in the mar- 2 2 
gin; the right-hand figure 2 ſtands under the g inan —— — 
the 6th decimal place, therefore the firſt 6 degi= 4 | 
mal places of the product againſt 2 in the table, 
are to be uſed; but I being added, becauſe the'4 n 
place 8, exceeds 5, makes the product 4000000: 
Alſo for 9 the next figure in the multiplier, ſtand- * 
ing under the 5th decimal place, take 17,999996 __—-_ 
from the table of products, and 1 being added to 0,000; 817 7.4. 
the 5th place, becauſe the 6th exceeds 5, make — 5 
it 18,0 000: In like manner the product by 8, 
adding 1, is 16000, Sc. and the ſum of theſe products o, ooo58 17 
is the fine of 2 minutes, as required. 

This kind of operation will be very eaſily conceived without fart!:-: 
illuſtration, by comparing the proceſs in this and the following operatious, 
with what has been already ſaid. a 


N Led the fines of 30, 4, 5, and 6 minutes. 


190 


97 


4 
da. "a 
* 8 
W * \ Xx 
FN 


For 3 min. | For 4 min. | For 5 min. | For 6 min. | 
| 1-9999999154| 1 9 9999154 | 1-9999999154| 19999999154} 
4677 1850, | 54602780co,o | 6255 361100, 0 5044454 1, 
f — — — ——— | cw = 
| 192000000] 16000000 20000000 20000000 
| 1600000 1490000 | 2009000 80-0000 | 
20000 40000 1200000 1oocOOO0 
14000 12000 60090 800c0 
X 1400 |. 1200 10000 | 8000 
7 120 80 1000, goo} 
| | 8 10 40 10 
5 p f 1 
— — — —— — — — — | 
N 0,0116355 28, oo 1745 3200 o, oo 2327 1052 o, ooz 9088820 
4 0,0002908882 | o, ooo 817764 o, 0087 26645 o,o0 11635 526 
| WY ak —. enki — * —  — - — . 
| 0,0008726646 | o, oo 116355 26 0, 0014544407 O 1453284 


In each example, the ſine of an arc which is 2 minutes leſs than that 
requited, (28) is ſubtracted, 7 

The fines being made, the tangents, ſecants, &c. are to be conſtructed 
as before ſhewn. a | (33, 34) 


39. There are many methods by which the triangular canon may be 
made; but that which is here delivered was choſen as the moſt eaſy, the 
beſt adapted to this work, and what would give the learner a ſuificient 
notion how theſe numbers are to be found: For at this time there is uo 


ready extant; they having paſſed through the hands of a great mano care- 
ful examiners, and for a long time have been received by the learned a 1 
work ſufficiently correct. | 1 = 

f H 1 toi 


Vor. I, 


occaſion to conſtruct new tables of ſines, and rarely to examine thoſe al. 


( 


93 TRIGONOMETRY. Book III. 
Theſe lines were firſt introduced into mathematical. computations hy. 
Hipparchus and Menelaus, whoſe methods of performance were contrade 
by Ptolemy, and afterwards perfected by Regiomontanus ; and ſince his 
time, Rheticus, Geoizs Pete, and many-ether eminent men, hays 
treated largely on this ſubject, and greatly exemplified the uſe of this 
triangular Canon, or Tables; which are now, by way of diſtinQio, 
called Tables of natural fines, tangents, &c. But the greateſt improve. 
ment ever made in this kind of mathematical learning, was by the Lord 
Nepier, Baron of Merchiſton in Scotland; who, being very fond of ſuch 
ſtudies, where calculations by the fines, tangents, &c.did frequently occur, 
Judged it would be of vaſt advantage if theſe long multiplications and di. 
viſions could be avoided; and this he effected by his happy invention 
computing by certain numbers, conſidered as the indices of others (I. 63) | 
which he called Logarithms; this was about the year 1614. ** 
The tables now chiefly uſed in Trigonometrical computations, are the 


logarithms of thoſe numbers which expreſs the lengths of the ſines, tay. 


gents, Sc. and therefore to diſtinguith them from the natural ones, they 
are called Logarithmic fines, tangents, &c. (or by ſome artificial fine, 
Sc.) Only thoſe of the logarithmic fines and tangents are annexed t 
this treatiſe, becauſe the buſineſs of Navigation may be performed 
them; neither are theſe tables carried to more than five places beſide the 
index, that being ſufficiently exact for all nautical purpoſes: But it mif 


be allowed that, for general uſe, ſuch tables are the moſt eſteemed as con- 
fiſt of moſt places. | Mika | 


40, Theſe tables are at the end of Book IX. and are ſo diſpoſed, that 
each opening of the book contains eight degrees ; four of which are num- 
bered at the top, and four at the bottom of the page; and thoſe at the 
top proceed from left to right, or forward, from o degrees to 45; and 
. thoſe at the bottom, from right to left, or backward, from 45 to 99 de- 

grees: To each degree there are four columns, titled ſines, co-fines, tan- 
gents, co-tangents ; and the minutes are in the marginal column of each 
page, ſigned with M; thoſe on the left fide of the page belong to the de- 
grees which are at the top, and thoſe on the right-hand fide, to the degrees 
which are at the bottom of the page. | 


* 


41. A ſine, tangent, co-line, co-tangent, to a given number of degrees, 

is found as follows: 2 Ee 
For an arc leſs than 45 degrees, 35 EOS 
Seek the degree at the top, and the minutes in the column ſigned Mat 

the top; againſt which, in the column ſigned at the top with the propoſed 

name, ſtands the fine, or tangent, &c. required, | | 

But when the arc is greater than 45 degrees, 

Seek the degrees at the bottom, the minutes in the column with M it 

che bottom, and the propoſed name at the bottom. „ 
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AMPLE 


ExanPLE I. Reguired the Igarithmic fine of 28: WW 


© 99 


Find 28 deg. at the top of the page; and in the ſide column, marked with 
M at the top; find 37 3 againſt which, in the column ſigned at the top with 
the word ſine, ſtands 9,68029, the log. ſine of 28? 3% as required, 


ExAMPLE II. Required the logarithmic tangent of 67* 4.5/. 


Find 67 deg. at the bottom of the page ; and in the ſide column, titled 
M at the bottom, find 45; then againit this, in the column marked tangent 
at the bottom, ſtands 10, 388 16, which is the log. tangent required. 

42. But when a logarithmic ſine or tangent is propoſed, to find the de- 
tees and minutes belonging to it, then, _ 55 | 
geek in the table, among the proper columns, for the neareſt logarithm 

to the given one; and the correſponding degrees and minutes will be 
found ; obſerving to reckon them from the top or bottom, according as 
the column is titled, where the neareſt logarithm to the given one is found. 

43. It may ſometimes happen that a log. ſine or log. tang. may be 

wanted to degrees, minutes, and parts of minutes; which may be thus 
found. EY | | | : g 
Take the difference between the logs. of the degrees and minutes next 


x 


& » 


leſs, and thoſe next greater than the given number. | . 


Then for 2, take a quarter of this difference; for 3, take a third; fo 
4 take a half; for ; take two thirds; for 4, take three quarters, c. 

Add the parts taken of this difference to the right hand figures of the 
log. belonging to the deg. and min. next leſs, and the ſum will be the 


log. to the deg. min. and parts propoſed. * 

ExamPeLE I. Required the log.] EXAMPILE II. Required the log. 
tang, to 60? 50/2. = | ne to 32 15 1. ] 
Log. tang. 60 57" is 10,25535 Log. fine 320 16" is | 4 9.72743 
Log. tang. 60 56 is 10,25 505 Log. fine 32 15 Is © 537 9,72723 
The diff, is 29 The diff. is 20 

| — 1 * e 
Its half is 1 14 ts three fourths is 15 
Add it to tang, 600 560 10, 25 506 Add it to fine 32 15” 972723 
LE — — — — 
Gives tang. Go 564 10, 25520 Gives fine 32 154 972738 


In moſt caſes the work may be done by inſpection. 6 


44. And if a given log. ſine or log. tangent falls between thoſe in the 


tables: then the degrees and minutes anſwering may be reckoned 4, or 2, 


or 2, c. minutes more than thoſe belonging to the neareſt Jeſs log. in 
the tables, according as its difference from the given one 154,072, 07 2, 
&c. of the difference between the logarithm next greater and next leis than 
the given log. | 


SECTION: 


100 R Wem 


SECTION | \ 


© 7 its Solution of Plain Bee 


45. | PROBLEM I. 


In any plain triangle, ABC, if 1 the things 'given there be a ule | 
and its oppoſite angle, to find the reſt. 


Then ſay, 4 a given fide, e 
To the ſine of its oppoſite angle 3 5 81 
So is another given fide, | 3: (AC) Xi 


To the fine of its oppoſite angle. 
Therefore, to find an angle, degia with a fide oppolite to a a know 


an gle. 
4 As the ſine of a given * £ ”" ES) 
To its oppoſite fide 3 _ | | 20 
oi is the fone of another given angles, '- 
o its oppoſite ſide. (Az) 


Therefore, to find aide, begin with an angle oppoſite to a known lde, 
DRM. Take BD r =radius of the tables. 
Draw DE, AH, FG, each perpendicular to Bc. 


| L. 59) 
Then ox and FG are the ſines of the angles 8 
and c. * 
Now the triangles BDE, BAH, are ſimilar, and 
ſo are the triangles Fo, Ak. | 
Therefore BD : DE:: BA: AH. (I. 167) 
And (cr) BD:FG:: CA: Ak. (II. 167) 
But (BD X AH=) DE X BAZFG X CA. (II. 169) 


Therefore DE: CA:: FG: BA. Or, s, B: ACc::s, c: BA, (II. 163 
S$cnoz.. Or, by circumſcribing the triangle with a circle, it will readily 


| appear, that the half of each fide is the ſign of its 3 1 Ani 
| Kalves have the ſame proportion as the wholes. 


45. FP ROB LEM I. | 
In a fight-angled plane triangle, aBc, if the two ſides contain tht 
_ — 7 B are known, to find the reſt. | 
one of the known ſides, | ( AB) 
an the 4 of the tables (or tangent of 450% (ad) 
go is the other known fide, (Bc) / 
To the tangent of t ts. oppo ite angle, | (D 8 


eu, Take AD=radius of the tables, . 
hen d * to AD, is the tangent of 
the a . "0; 
And the + Ka'VN ADE, ABC, are ſimilar, 
— AY A:; : Df (uU. 267) 


. 
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6 . PROBLEM. III. 


In any two quantities, their hal if arfference added to their hal, If ſum, gives 
the greater. | 


The hal If diff. ſabtracted from the Hal If ſum, gives the lefs. | 
And if 57 the ſum be taken from the greater, the remainder will be the 
half difference of thoſe quantities. 
Dzm. Let AB be the greater, and Bc the leſs, of two quantities, 
Take ab BOC; then BD is their difference. 
Biſect DB in E; then DE=Es, is the half diff. 
And aD+DESBC+BE (II. 47); therefore AE is the half ſum, 


> 2 ſide | 


Now AE T EBS AB, is the greater. | 
158 And AE—ED=(AD= nc, is the leſs. — — * —8 
Allo AB=AE =BE, | is the half diff. Xÿ*!ÿ 
48. a PROBLEM iv. | 


In any plane triangle, ABC; if the, three things known, be two yu 
ac, ch and their contained angle c, to find the reſt. 


Find the fin and difference of the given ſides. 
Take half the given angle from 90 degrees, and there remains half the ſum. 
of the unknown angles, Then fay, 


As the ſum of the given fides, 1 | Ac en 
To the difference of t 2 e ſides; |  AC-—-CB 
$ is the tangent of the ſum of the unknun angles, t, ET 
70 the te of 507 2 2 of tho Je angles, t. ZB=A | 
Add the half differente of the angles ta the half ſum, and it will give the 
« 162) greater angle B. 
« 163) Subtraft the half difference * the angles from the hal a ſum, and it will give 
readl Her angle A. 


Dem. On c, 0 the 8 cB, deſcribe a circle, 
cutting Ac, produced, in E and D; draw EB, and * . 
BD ; alſo draw DF parallel to BS. FER. 

Then AEZAC++CB, is the ſum of the ſides. 

And Ab Accs), is the difference of the ſides, 

Now Z2.cDB= /_ CBD. (II. 104) 

And (<DB + CBD=)20DB= L.CBASÞ z A. (II. 98) A 

Therefore à £.CBA-+ CA g L cpz, is half the ſum of the unknown angles, 

And BE (l. 123) is the tangent of CDB, to the radius DB. (4) 

Allo (CAD) DDA ICC ELA. | | 147) * 

Tn Z CBA LAS CDA, is half the N of the unknown 
angles, 

And Dr is the tafigent of DBA, to the radius bos. 000 

Now the — AEB, Apr, are ſimilar, DF being parallel to EB, 

Therefore AE : BE: PF. (II. 167) 


Or 40 ＋ B: Aces: ; t. 122 T A: t. C5 


required. 


Ac 
I to the ſum of the other two ſides; . — Az Age 
- $9.ts the difference of thoſe ſides, N | „ ABC 
To the difference of the ſegments of the baſe, Abbe 


give the angles of the ot 


Then oc DT. 


102 


triangle into two righi-angled triangles. ADB, CDB ; Then ſay, 


the leſſer ſegment DC. 


4 Then, in each of the triangles, ADB, CDB, there will be known. two foes 


Problem l. 


eluded angle, perpendicular ta the other ſide, biſefts the fide. (IL. 103 


But ac X AF -= AE Xx AG. 


TRIGONOMETR Y, 
49. PROBLEM v. 


In a plane triangle, ABc, if the three ſides are known, and the angle 


Bock 1h, 


3 


From the greateſt angle, B, ſuppoſe a line BD drawn perpendicular to itt 
oppoſite fide, or baſe, dividing it into two ſegments, AD, CD, and the given 


—— 


As the baſe, or ſum of the ſegments, 


Add half the difference of the ſegments to half the baſe, gigs theegreater ſex. 

ment AD. | NE | 13 2c... oy 

Subtraf half the difference of the ſegments from half the baſe, there remains | 
JJ I Lo 


and a right angle oppoſite to one of them ; therefore the angles. will be found 
. = PE ee e 


When two of the given ſides are equal ; then a line drawn from the in. 


Pg 


And the angles being _ in one of the right-angled triangles, will all 
er. —̃ . 


Dem. of the foregoing proportion. 

In the triangle aBc, the line BD, perpendicular to 
AC, divides AC into the ſegments ad, p[. 

On Þ» with the radius Bc, deſcribe a circle HE, 
cutting AB, continued, in G, E; and Ac in F; 
draw By. | | EY 


* » 


Now ac (=aD+Dc) is the ſum of the ſegments. 
And ar (AD -p) is the differende of the ſegments, 
Alſo AE (=aB+8Bc) is the ſum of the other ſidgs. 5 
And AG (=aB—Rc) is the difference of thoſe les. 


Therefore Ac: AE : 7 AG : AF, | 
Or Ac: AB+EC :; ; AB— BC: Ab- pc; Of ZAD=—DF, 


. Book III. T R GONOMETRY. 103. 
„ PROBLEM VI 
ngles | In any plane tribngle, ABC, the three ſides being, n to find cither 


of the angles. 
put E and F for the ſides including the angle fought. 


a far the ſide oppoſite to that angle. 


— for the difference between the ſides E and F. 

wa bag Ing e fum of G and D. 

And half the differenge 75 G and D, 
: Then write theſe four logat ithms under one another, namely, . | 
: Las The Arithmetical complement of the logarithm of E; (I. 88.) 
ho The Arithmetical complement of the logarithm of Fz, | 


2 The logarithm of the aforeſaid half ſum of 6 and 9; 

Pa The logarithm of the, aforeſaid half A ene of G. and n. ST 
Add them together, take half their ſum ; which ſeek among the log. 7 es,, 

8 And the degrees amd minutes anſwering, being doubled, will gf ve the e 


470 of the angle ſought. 

Dew. In the triangle, Ac, let a be g | I 
main; WW the angle ſought. 8 A — 
47 Take AH = AB, draw BH; and X . 

a through Ek, the middle of BH, draw | 
Alen AP, which. biſects the angle a, and I 
und by is perpendicular to BH. (II. 103) ] 

(45) Through K draw KL, Kk, paral- 9 
lel, to Bc, Ac; which will biſect Hef 2 \ 
be in. HC, BC, In L and I; then KK Ie, KIZLCs (it 28, 1670 
103 And the difference between Ac and AB is EC =D; then KI 2D. 
| From 1, with the radius Ik, defcribe a circle cutting AP, BH, KQ, BC, - 
ll al in p, o, Q, M, N, and join CQ; now uc IK TC TR; therefore 
k Rc, and CQ=KH, as the triangles ch, are congruous. (II. gg) 


Therefore c@Q parallel to KH (II. 28.) being produced, will meet AP at 


CE re ener” 1 
—̃ —q—— - _ —UU—U—ä — _ 


And R, the radius of the tables, being 1. 


> - right angles (II. 53), in the point p, by the reverſe of (II- 130). | 

+ | Then PQ=K0o, as the triangles KQP, Ok, are congruous. . (il. 9 5,100) | F 
1 Now B= (BIT IMSEBCAT THC) {GD :_ And N= 285. pj 
i Alſo Bo=ce : For BK = (XH) cQ, and ko b 
J. Let ar =radius of the tables; then n (parallel to BH) =ſine wt CA. ( Rs 4 
e Then the triangles ART, AKB,-APC, are ſimilar. |; 
And ar: mn: 3 r alſo Ar: n:: Ac: (rg) BO. (II. 167) bo 
10 Therefore Ar- Ac Xx AB: (BK XBO=) BMX BN. (II. 101, 172) l, 
of Or (8. — " ſine LA : Ac N AB r Y 
There th „ U. 16 [ 
erefore t e ſquare « of the fine 3 ZA FER. RE. (II. 1 3. | 
IGTTD x TD Br "= I | 
172) Therefore the ſine 124 z | on (lt. I 13) ad” i 
| | i 


104 


Or Log. s, f 4 A E 


Or Log. s, C Ax 2 
Where L. ſtands for logarithm, and 1. for Arith, comp. of the log 


51. Every poſſible caſe in plane Triganometry may be x 
the preceding Problems, obſerving the following Precepts, 


I. Make a rough draught of the trian 


- 


TRIGONOMETRY. Bock III. 


2 


I. EAI. TL. 20 ＋5＋L. = 


Log. 26—5— Log. E.—Log. E. 


785 
86 


the 1. ters A, B, C, at the angles. 


II. Let ſuch parts of this triangle be marked, as 
_ repreſent the things which are given in the queſtion, 
Thus, mark a given fide with a ſcratch acroſs it 
and a given angle by a little crooked line; as in the 5 
figure; where the fide AB, and the angles A and c, A 


are marked as given. 


III. If two angles are known, the third is always known. 

For if one angle is go degrees, the other given angle (which 
will be acute) taken from go. degrees, leaves the third angle. 

And if both the given angles are oblique; their ſum taken from 188 


degrees, gives the other angle. 


IV. Compare the given things to 
Problem the queſtion propoſed belongs. 


gle, and put 


hy 


QI 


. 


arithm. 


eadily ſolved by 


(IL. 9) 


(I. 96) 


gether, and determine to which 


V. Then according as the Problem dire&s, perform the preparatory 
Work; and write down, under one another, in four lines, (or more if ne- 
ceſſary), the. literal ſlating; expreſſing each angle by a letter, or by three; 

two letters; and the ſums, or differences of lines, by pro- 


each line by 


VI. Againſt ſuch terms as are known, write their numeral value, az 


iven in the queſtion, or as found in the preparatory work; and againſt | 
theſe numbers write their logarithms z thoſe for the lines being found (by | 


I. 81) in the table of the logarithms of numbers; and thoſe for the angles, 


found (by 41) in the table of logarithmic fines and tangents : Obſerve _ 
ing that an Arithmetical complement (ſee I. 88) is always ufed in the 
_ firft term: And that when an angle is greater than go degrees, its ſupple: | 


ment is uſed. 


VII. Add theſe logarithms together, and ſeek the ſum (I. 81) in the 


log. numbers, when a line is wanted; or (42) in the log. ſmes or tan» | 
Then the number or degree, anſwering | 
ſum, will be the thing 


gents, when an angle is wanted. 
to that logarithm which is the neareſt to the ſaid 


required, 


2 


A 


8 Y- | 


2. 


TRIGONOMETRY, 


A SYNOPSIS. 
Of the Rules in Plane Trigonometry, 


SOLUTION. | 


7 8 Given. Required. = 
. All the | Either Since two angles are 3 the third 3 is known, | 
anglesand| of the And, As fin. of Zopp. to fide given, is to that opp. ſide; | 
Dy one fide. other ſides So ſin. of another * to its opp. ſide. j 
f f ® 
| — - ES, Fe: 1 
1 — 
IJ. Two ſides The angle As one given ſide is to the ſine off its opp. angle; | 
ſee and an E. oppoſ. to So is the other given fide, to the fide of its opp. angle. 
art. oppol, to | the other Then two angles being known, the third is known, | 
45 | one fide, [given fide. And the other ſide is found as before, 
— ä 8 . 
H. Two ſides Either [as one of the given Ges, i is to the radius; 1 
* | and the | of the 80 is the other given ſide, to the tangent of its opp. £ +] 
= included] other [Then two Es being known, the third is known. 
4 | right Z.] angles. The other tide is found by opp. ſides and 25. | 
Ri _ - — 
7 81 
| "= {Find the ſum and diff. of the given ſides. | 
$0 [Two fides| - Lake 2 given E from oe leaves } ſum of the other 2.5. 
b) III. and the {| The [Then, As ſum ſides, is to diff. of ſides ; $ | 
art. included | other So tan. 4 ſum other Cs, to tan. 4 diff. thoſe 2.5. 
b 48 oblique angles. | + 2 greater . 1 
ch | angle, | The 2 ſum 45 diff. Zs, gives ieiſer £.. 1 


IV. | the 
art. three 7 
49 | ſides, 


he | | | 
* V. The 
Ng | art. three 
1 8 | 


50 ſides. 


All 
the 
angles. 


F ind FE other ſide by opp. ſides and angles. 


1 


— — 


Draw a line perpend. to the greateſt fide, from the 
opp. A, dividing that ſide into two parts. 
Then, As the longeſt ſide is to ſum other two files ; 
So is the diff. thoſe ſides, to the diff. pts of longeſt, 


!ThenZlong. 4e — * dir pts gives the | > he ; part | 


Now the ſaid perp. cuts the triangle into 2 right Ed ones. 


The angles are found by * * 


1 — 


p 


— — 
by 


cluding that angle E and p. ä 5 

The fide opp. that Z, call 6. | 

Put p for the difterence between x and p. 

Find the half ſum, and half diff. oi 6 and p. 3 
Then write theſe four Logs. under one and ther; | 

7 The Ar. Co. Log. of E, The Ar. Co. Log. of r. 
i. ! The Log. of f ſum, And the Log. of L difference. 


„ ; | 
Having choſe which 1 to find; call * ſides in- 
1 

ö 


Seek it among the log. fines; and the — 


N ö 


In both, are known the Hyp. a Leg. and the OP 4. 


Add the four logs. together, take half thei: um. 1 
| 


— . and min. — is the angle ſought. 


— ww —— had. Anti... Aa 
* 
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53. Examele I. In the plane Triangle Akc. 
Given ABZI95. Poles. 5 | 


LB go? oof 


| CAR 47 55. 
Required ihe other parts. 


Fox THE LINEAR SOLUTION, 


iſt. Draw AB equal to 195 poles, taken from a ſcale 
of equal parts. 


A 
2d. From B, draw Bc, making with Ap an angle of 90. 1 (1.8 , | 
gd. From a, draw AC, making with AB an angle of 47" 5 IE ; and * | 


ing BC in the point c. 


Then is the triangle aBc ſuch, the parts of which ad with the 
things given; and the ſides ca, cs, being applied to the ſcale that 31 


was taken from, their meaſures will be found, VIZ, AC=291 ; an 
'BC=216, 


Fox THE NUMERAL SOLUTION, oR CoMPUTATION. 
Since two angles are known; Therefore, From 90 of 


Take 47 55 =Lu 
Remains 42 O5=Lc 


Now i in this triangle, tives are known all the angles and one fide ; there. 


fore among the known things, there is a fide and its oppoſite ange 
© which belongs to the firſt problem. 


Then to find the fide ac, begin with the angle c oppoſite AB. 


As the ſine of Z. c, | Or thus, As s, Z.c=42? © O,1 
To the oppoſite fide A B; ; To —.— = ONS = 
So the ſine of the Z. B, Sos, £B=9g0o? od 10,00000 


To ac=291 po. 2,46382 


To the oppoſite ſide ac, 


And to find the fide Bc, begin with the angle c oppoſite AB. 
As the fine of the C c, Or thus, As s, Cc A2 os 
To the oppoſite fide A B; To 
So the fine of the Z A, 
To the oppoſite fide Bc. 


0, 17379 Ar. C. 
n= 195 po, 2, 29003 
So s, CA =47 55 9.87050 
| To BC=216 po. 2.33432 | 


So that Ac is 291 poles, and Bc is 216 poles. 


The letters Ar. Co. ſtanding on the right of the firſt "a ſignify the 
(I. 88 


arithmetical complement of the log. line of 42 05”, 
| 


54. Ex 


Jil 


Ar. Co 


Ir. Co. 


80 „= 37 9.58497 


nook II. T RIGONOME TRY. 7 


5. ExAMLE II. Tn the plane N ABC, 
Given ABZSII7 miles. 
£B=134" 40 


Ar 22 3. 
| the other parts, 


> 


Fox THE LINEAR SOLUTION, OR Command 


Make AB=II7 equal parts; at A make an angle 22 37/ (II. 840 
and at B make an angle of 134 46/0; then the lines which make with 
4B thoſe angles, will meet in e, and form the triangle propoſed. 

And the meaſure of Bc will be 117, and of Ac 216. 


By COMPUTATION. See art. 45. 

since two angles are known, 13 | 
_— Z.B=134* 46 Now from 1800 oo { And from 180 o& 
 , 4a== 23 37] Take 157 23 Take 134 46 


— —-„—᷑ĩ an 


Their ſum , 23 Leaves C c= 22 37 | The ſap* n= 3c us 


Since the angle == a 
Therefore B AB 


(II. 104) To find the fide A c. 
IA s, g 22 37 041503 Ar. . 
To aB=117 M. 2,6819 
So s, £8==134® 469,85 125 ſup. 
g 


— — — 


| bh aAc=216 M. 233447 


$5, ExAMPLE III. In the plane Nin ABC. 


Given AB=408 _ | Gf 
1237 | 


L AZ58 07. 
Required the other parts. 


CoNSTRUCTION. 


Make AB=408 yards, or equal parts; make the angle a=58* o7/; and 
the B22 37/3 then the lines forming theſe angles will meet in 
c; and the meaſure of AC is I59 yards, and of BC is 351. | 


ComPUTATION, See art. 45. 


Two angles being 8 VIZ. L.A=58% o/! From 180 oO | — * 


LI 22 37 Take 80 44 


Leaves 99 16=£4c. 


Their ſum S8 44 


Ts fd the fide AC, To find the fide Bc. 
As s, (c ge 16' 0,00570 Ar. Co.] As s, £4. c==999 16 0,00370 Ar. Co. 
To ap=408 Y. 2, 61066 To A= 408 V. 2.61066 

So s, £a==589 07 9, 92897. 


To ac=1g9 Y. 2.20133 


To B c==351 Y. 2,545 33 


| — 


In theſe operations the ſupplement of the angle c is uſed, (12) 


| 1 
* 


TRIGONOMETRY. wan 


55. ExAM IE IV. In the plane Triangle ABC, ; 
Given — =291 : F urlongs. 
£.B=90? oO. 
Required the reſt. 
|  ConsSTRUCTION. | | 
Make AB=195 equal parts; draw Bc, making an 4 
angle at B=go* o From A with 291 equal parts 1 
cut BC in c, and draw ac. 
Then the . A meaſured on the ſcale of chords will be about 48 dures in{ 
c about 42*: Alſo Bc, on the equal parts, meaſures about 216. 


COMPUTATION. f 
Here being two ſides, and an angle oppoſite to one of them, the ſoluta 
falls under problem the firſt. See art. 45. 

To find the angle Cc, «| To find the fide © BC. . 

As 4c 291 F. 57.5 3611 Ar. Co. As s, C BO O 10, 0000 
To s, £E==90® 00" 10, ooooo To ac==291 3 2,4635 
So aB=195 F. 2, 2900 180 s, La=47* 55 9,8700 
To s, £.c=42* og” 9, 82614 To 111 * 2,330 


— 4 : — — 


From goꝰ oO 
Take oK. c. Here hs fine of go? o or radi 
| — being the firſt term, its Arith. _ 
Leaves 47 55=4a- EE [being ©, is not taken. 


— —— —⅜ 


57. ExaurLE V. In the plane Triangle ABC. 


Given AC=216 
ee fo 17 d Yards. 
e225 3 

Required the reſt. 


| ConsraucrrON. | 42 

Make . yards; the £c=22* 37“; and draw CB: Then from 4 
with 117 yards, cut cz; in h or in B; and either of the triangles Ach u 
ACB will anſwer the conditions propoſed : But the triangle to be uſed i 
generally determined by ſome circumſtances in the queſtion it belongs to 

Thus if the angle oppoſite to Ac is to be obtuſe, * triangle is ABC, 

ComPUTATION. 

The ſolution belongs to problem the firſt, Sec art. 45. 

Do find the angle 83. 

As aAB=417 V. 7.93181 Prank 180? oO 

Lag $, KC. c 2229 * | Take 157 e | 

AC=216 


DPS — — — 


| [Leaves 22 374.4» 
LEI - | And as Z. a=Z2.c. 
£c+ 57 23 : | Therefore BC AR. (Il. 100 


If the angle required be obtuſe, ſubtract the deg. and min. . 
ing to the fourth log. from 180; the remainder is the 4 B. For the four 


tog. gives the £6, which is the ſupplement to the _ B. (II. 4 9 
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0 
/ 55 ' ExaneLe VI. In the plane Triangle abc. 
. 
Given AC==408 | 
= An=t 59 H Fathom 4 
£C=22' 37“. r 
Requires the reſt. | k Wm. 
= A 8 


 ConsSTRUCTION. 

Make ac=408 fathoms; the 4. c=22* 37'; and draw cb ; from A, with 
159 fathoms, cut cb in h, or in B, and draw Ab or AB: 

Then if the angle oppoſite. to AC is to be acute, the triangle ach is that 


ſought. 
 CompuTAaTION. See art. 45. 


Here being a ſide and its oppoſite angle known, the folution falls under 
16300 problem the firſt ; the C is to be obtuſe, 
»8705 75 find the angle ; obtuſe. ; To find 8e. | 
— As AB=I 59 F., | 7.79860 As 2, E. rA 37 o, 41 503 
3347 To „Z e==22® 37  9,58497]To aBp=159 F. 2, 20140 
OR 80 ac=408 F. 28, 61066 S0 s, 458 04” 9.92874 
rad f To „ L 9 i 9099423 To nc=350,9 F. 2,545 17 
— - — 9 — 


Le+ / B=121 56 be 
Taken from 180 00 


Leaves E A5 — | 
39+ ExAMPLE VII. In the plan Triangle ABC, 


Given —_— J F urlongs. "a 


e, 8 
Required the ** 


Coms rxucriox. ——ů— | — 
Make the angle an ; take BA=195 equal parts, and Bc=216; — 


may be meaſured by the proper ſcales. 
ComPUTATION., See art. 46. 
As two ſides and the contained right angle ; are known, the ſolution be- 
longs to problem the ſecond. 


1 find the angle a. | — m Ac. : : 
a | An F. 7, 70997] As s, La==47? 55/ 0,12959 
To rad. or tang. 45 Oo 10,00000, To nei F. 3 
80 xn 216 F. 2, 33445 So s, 4 B==90® o 10,00000 
. 00M To© t. es, 10,04442) To 4c 29 Fu 2546395 
pond: go oo 5 
fourtt | —— 
95). A c= 42 og 


— 


which is rk but if the angle is to be obtuſe, Acs is the angie 


draw Ac; then ABC is the triangle propoſed ; where the parts required | 


* 
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| Book It 
50. A xAurLE VIII. Tn the plane Triangle ABC, = 
"Groen AB=IH 17... N | | 0 
ae 11) U Yards, a : 
00 N 78 | 
Required the rel. NY, | 
EEE” CONSTRUCTION» A a 


Make the ZABC=134* 4Q/; take BA and gc, each equal to 117 equ 

parts, from the ſame ſcale, and draw Ac ; then is the triangle azc equi 
to that propoſed; and the parts required, meaſured on their prope 
ſcales, will give their values. | 1 | | 


- CompuTaTIon. See art. 48. 
Now as AB and Bc are equal; there- {To find AC. 


fore the angles a and c are allo equal. | As s, 4. a==22® 35 - ©,4150p 
From 180 oo' A” 'To ' 8c=117-Y, 25,0081 
Fake 1% 46=48. S0 5, £B=134* 466 98513 
r nec. To eis er 
N | - <3... — 
Fe half 22 37z=£4a=Zc. ( | 
of. ExameLE IX. In the plane Triangle ABC. 4 
Viven 21 1 : Ro 4 
AC=159 Yards, 2 
0%. 
Required the reſt, 


_ | CONSTRUCTION. 8 
Make an angle cAn = 58 07/; take Ac 159, AB=408, from the ſame 
ſcale of equal parts; and draw cs ; then will the triangle Acz be equl 
to that which was propoſed, | | 
Coupe rATITON. 


Here, there being two ſides and their contained angle known, the fol 
tion belongs to art. 48. | | 


AB==408 | | The half of 58% of . | 
ACS=159 | Is 2g oz, which 
—— | | Taken from 90 oo | 
aB+Aac=;67=lum of fides. 1. — | 
n e | | Leaves 60 5661=—/ c+i28, 
AB—AC==249=dif. of ſides. | ad dee «px | 
To find the angles. | | To find B 0. | 
As AB + AC==567 | 7,24642 As s, C c ge 16' 0,00570 
To 22 — ac==249 Ns 2.39620 TO an=408 V. 2,61060 
So t. 2 C f 4 =60? 56 (See 43) 10, 255 20080 5, C A= 85 07” 9,0289) 
To t. 24 f =38 194 9.89781 J 
f — — 4 — *. , 
ws 45} 5 99 16=Zc. (II. 105) ha N. | 351 — 
And ; 7 8. 574 | 


62. E 
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62. EXAMPLE X. Ii the plane Trengs 4 ABC, 
Given AB=195 / 


BC=2106 
AC=291 B 
Required the angles. FOR 7 : : 


C 1 2 8 

CONSTRUCTION. | | 

Make CA=291 equal parts; from c, with 216, deſcribe an arc B; from a 
with 195 cut the are BinB ; draw BC, BA, and the triangle is cbnſtruct- 
ech then the angles may be meaſured by the help of © ſcale of chords. 


 CoMPUTATION. 


The three ſides being given, the ſolution falls under either N V. or 
Problem VI. But that the uſe of theſe Problems may be ſufficiently il- 
luſtrated, the ſolutions according to both of them are here annexed. 

Solution by Problem V. (40) | | 

From the angle B, draw BD perpendicular to ca, which will be divided 
into the ſegments CD, DA, the ſum of which Ac is known. 

Now Bc=216 | | To find the diff. of the ſegments. 


5 And 432195 As ac 291— 7.53611 
| —— | To S tt = 411 — 2,61384 
s8c+aB=411==ſum of the ſides, [So BC—=AB = 21 1.32222 

ak 2c—ap=21=diff. of the ſides. To cormanr = 29,66 — 1,47217 


* 


Now the half of 291 is 145,5 i 
And the half of 29, 66 is 14:83; 

N herefore (47) the ſum : 150, 33 20 p; or CD == 160,3 

F | the difference 130,67=aD; or AD = 130, 7. 

| = ben in the triangle n. Aud in the triangle aB. ; : 

ws s vc =216 — 7,6655 f a 19 7,0997 

05, £CDB==90® 0s — 1G,00000| To s, ADB = go? oO 10,00000 

So CD =160,3 — 2, 20493 80 ad. = 130,7  2,11628 


ſolus o s, LcBp=47* 5s — 9,87048 Tos, Z.a4BD = 42 O5 9,82025 


— ___ 


h. taken from 90 oo | | Wh. taken from go oo 


Leaves 4 C42 or - Leaves & 4 28:30 55, & LBO 


—— — — — 


. Solution by Probl VI. (50) Bhs 
To find the al e. | Then, to Ar. Co. log. . ==291 - - « 7,53611 ' 
Put £=291==AC Add Ar. Co. log. f. =216 - - «= 7,66555 
_ =2i16=nc _ And the log. ZG+D==135 - « - 2,13033* 
_ — Alſo the log. 26-5. 60 - — 177815 
9289 e | : „ 
e  6==199==a8 Ihe half of this ſum 219,11014 
5459 2)270)135==2GFD | Is the log. fine. of 21% 02: (43) - - - - 9.5 5507 
| 2) 1200560 = | Which doubled, gives 42" o Ce. 
„ EE de angle c being known, che other angles may be found by prob. 1. 


63. Ex. 
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63: Fxaurin XI. In the plane Triangle ABC, 
| Given Ac=408 | 
e 
 AB=159 
Required the ops. . 1 
CoxsrRVUCTIOx. „„ 0 
The conſtruction and menſuration is performed as in the laſt Ex Auplz. 
Coup TATION BY PRos. V. art. 49. 
From the Z. B draw the perpendicular rp ; and find the ſegments ; AD, 
DC ; which may be done without logarithms. | 
Thus pc=351| Then (I. 46), As 408 : 510: : 192 : 240=DC—Da, 
48539 For 192 & 5 10 297920 which divided by 408 gives 240. 


. Bc + ap==510| Now half of nen and half of 240 is 120. 


Cc -A 24192 Then 204 120 23; 24 ö; and * 20==84=04. 


In the triangle a8. In the triangle BDC. 

As AB!D=I59 7.79860 As sen 7.43000 
2, D o of 10, ooo To s, Db O o 10,0600 
So AD==84. 1.92428] SO D C==324. 2,510z 


—  —_ 


To s, L. AB DP ze 53' 9,72288 To s, 4 CBD==679 25 9.9651 


And E. A4 _ 07 | And Zc=22 37 


— 1 
Then LABDF ACBDZAABCE=gg? 167 


CoururAriox BY PRos. VI. art. 50. | 
To fad the angle C. 3 Then, to Ar. Co. log. a 408 
Put E= AO8 C 1 Add Ar. Co. log. r ITY 
FP zy RG | And the log. z36+D=108 
| | Alſo the log. | 3 = 51 
D== SEF. 


c Ii = AE 3 The half of this ſum 2) 18,850 


— —— 


9.29 


2) 216(108=;G4-D Is the log, fine of 11 18/Z 


2) 102051 25 br, Which doubled, is 22 37/=2 c. 


Now the angle c being known, the other angles may be found by Prob. 
But for a farther illuſtration of Prob. VI. the work for another angles 
here repeated. 


To find the angle B. | Then, to Ar. Co. log. E SN 
4 E=351==BC | Add Ar. Co, log. r =159 7750 
F==159=AB | And the log. 2, 4/1 
— ö 15 Alſo the log. 2,03341 
D==192=E—oF. . | ain — 
=408=ac The half of this ſum : 2) 19,7633 


2) 600(300=IG+D Is the log. fine of 405 38” 9,8810 


— — te — 


_2)216{(108={G—b Which doubled, is 99 — <q 
, | 4o 1 
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66. FExaurzE XII. dn the plane Triangle ABC. 
Given ABSII7Y} 
{ Miles. 


| 2 
3C 2117 


Keguired the angles. rn TS 


ACz=216 
1 A P 2 


* Sn ED, 
The conſtruction of this triangle, and the meaſuring of the angles, is 


performed as in the Xth and XIch Examples. 


5 ComPuration. | 

In the triangle ABC, as AB=BC; therefore the angles A and c are equal 
(II. 104) ; and the perpendicular BD biſects the ſide Ad; ſo that the right 
angled triangles ADB, op, are congruous;z conſequently, the angles 
being found in one triangle, will give thoſe of the other, | 

Now in the triangle ADB, the fide AB=I17 ;. the ſide Ap, Ac, is 1c83 


6 and the . o is 90 00/: Here, therefore, being a fide and its oppoſite 
— angle given, the ſolution belongs to Prob. I. 
$1054 | —» 3 
— 95 find the angle 42. [And 6, 23 doubled 
9652) A AB 2117 7.93181 
rr 4 > oor 10,00000|Gives 134* 460 CA. 
© 4d 2.8, 03342 0 
| | = —— A like proceſs is to be uſed in every 
Tos, £aBD=679 23 9,96523 2 in which are two equal 
5 5 £16. tl | ES, | . | 
31% W.. taken from go? ü 5 e 
40 Leaves af 37 =4A Se. by ey 
70% 1 


The foregoing examples contain all the variety that can poſſibly happen 


Idzu BN in the ſolutions of plane triangles, conſidered only with regard to their 


ſiles and angles; but beſides the methods ſhewn of reſolving ſuch tri- 
angles by conſtruction and computation, there is another way to find 
theſe ſolutions, called Inſtrumental; and this is of two kinds, viz. either 
by a ruler called a Sector, or by one called the Gunter's Scale: The method 
by the ſector, the curious reader may fee in many books, particularly in 
a treatiſe on Mathematical Inftruments, publiſhed in the year 1775, 3d 
edition: But the other method by the Gunter's ſcale being in great 
uſe at ſea, it will be proper in this place to treat of it. 


— 


n 83 38 2 bd R as 8 


BWS OI — — pd i. A ae — _ 


— 222 2 —e— — 6— 


* By the author of theſe Elements, 


T1 3 ET Rr. Book ll 


SEC T I O N. ty. 
* and C onfirudtjon- * the Guat U 


cale. 


4 4 


65. Mr. Edmund Gunter, Profeſlor of Arm at Greſham 
ſome time about the year 1624, applied the Logarithms of Numbers tha 
flat ruler : This he effected by taking the lengths expreſſed by the figura 
in thoſe logarithms from a ſcale of equal parts, and transferring them to: 
line, or ſcale, drawn on ſuch a ruler ; and this is the line which, from hi 
name, is called the Gunter's Line He alſo, in like manner, conftrad 
lines containing the logarithms of the fines and tangents 3 and fince ln 
time there have been contrived other . ſcales adapted to vi. 
rious purpoſes. 

The Gunter's ſcale is a ruler, conmgatls two feet long ; ; having on one 
of its flat ſides ſeveral lines or logarithmic ſcales ; and on. the other fic 
various other ſcales ; which, to diſtinguiſh them from the former, may 
be called natural ſcales. 

While the reader is peruſing what e it is proper he 5 haves 
Gunter's ſcale before him. = | 


66. : -- Of the Natural Scales. 


The half of one fide is filled with different ſcales of equal parts, fort 
convenience of conſtructing a larger, or ſmaller figure: The other hi 
contains ſcales of Rhumbs, marked Rhu ; Chords, marked Ch; Sine, 
marked Sin; Tangents, marked Tan; Secants, marked Sec; Semi 
tangents, denoted by S. T. and Longitude diſtinguiſhed by M. L. The 
deſcriptions and uſes of theſe ſcales will de contde dered hereafier, in th 
places where they will be wanted. 

— 


67. J the Logerithinie 8 Scales. 


On the other ſide oſ che ſcale are the following lines, nh 
I. A line marked s. K. (fine rhumbs), which contains the lah 
mic iines of the degrees to each point and quarter point of the compals, 
II. A line ſigned r. R. (tan rhumbs), the diviſions of which cu. 
reſpond to the logarithmic tangents of the ſaid points and quarters. 
HI. A line marked Num. (numbers), where the logarithms of mur 
bers are laid down. 
IV. A line marked Sin. containing the log. ſines. 
V. Aline of log. verſed fines, marked v. s. 
VL. A line of log. tangents, marked Tan. 
VII. A meridional line figned Mer, | 
Vat. A line of _ _ marked E. P. 


1,0 


other numbers. 
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68. | I. Of the Line of Numbers. 

The whole length of this line, or ſcale, is divided into two equal ſpaces, 
or intervals: the beginning, or left-hand end of the firſt, is marked x ; 
the end of the firſt interval, and beginning of the ſecond, is alſo marked 1; 
and the end of the ſecond interval, or end of the ſcale is marked with 10: 
Both theſe diſtances are alike divided, beginning at the left-hand ends, 
by laying down in each the lengths of the logarithms of the numbers 


20, 30, 40, 50, 60, 70, 80, 90; taken, from a ſcale of equal parts, 


ſuch that 10 of its primary diviſions make the length of one interval: 
And the intermediate diviſions are found, by taking the logarithms of like 
intermediate numbers, : | | 
From this conſtruction it is evident, that when the firſt x ſtands for 1, 
the ſecond 1 ſtands for 10, and the end 10 denotes 1003 


10003 


V 1000, © 10000; 
22 7 2 
4 = = J &c 228 Se. 
2.2 25 Is - og 10; 

C | 2 a - 
2 = To 9 — ; 13 
— c 8 v 
<< 1 &c. <4 Sc.; 


And the primary and intermediate diviſions in each interval muſt be 
eſtimated according to the values ſet on their extremities, vi. at the be- 
ginning, middle, and end of the ſcale. | | 

Now the examples moſt proper to be worked by this ſcale, are ſuch 
where the numbers concerned do not exceed 1000, and then the firſt x 
ſtands for 10, the middle 1 for 100, and the 10 at the end for 1000: 
The primary diviſions in the firſt interval, viz. 2, 3, 4, 5» ©, 7, 8, 9% 
ſtands for 20, 30, 40, 50, 60, 70, 80, go, and the intermediate divi- 


ſions ſtand for units. In the ſecond interval, the primary diviſions ſigned 


2, 3, 4 5, 6, 7, 8, 9, ſtand for 200, 300, 4co, 500, boo, 700, Boo, 
goo ; each of theſe diviſions are alſo divided into ten parts, which repre- 
ſent the intermediate tens. Between 100 and 200 the diviſions for tens 
are each ſubdivided into five parts; ſo that each of theſe leſſer diviſions 
ſtand for two units. The tens between 200 and 500 are divided into 
two parts, each ſtanding for five units: The units between the tens from 


500 to 1000 are to be eſtimated by the eye; which by a little practice is 


readily done. Ts | 

From this deſcription it will be eaſy to find the diviſion repreſenting a 
given number not exceeding 1000: Thus the number 62 is the ſecond 
{mall diviſion from the 6, between the 6 and 7 in the fir? interval: The 
number 435 is thus reckoned ; from the 4 in the ſecond interval, count 
toward the 5 on the right, three of the larger diviſions, and one of the 
ſmaller ; and that will be the diviſion expreſſing 435. And the like of 


Iz 6g. II. Fur 
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69. GD, II. For the Line of Smnes. - 


This ſcale terminates at go degrees, juſt againſt the 10 at the end of te 
line of numbers; and from this termination the degrees are laid backwar, 
or from thence toward the left: Now ſeeking in a table of logarithmic | 

fines, for the numbers expreſſing their arithmetic complements, without 
the index, take thoſe numbers from the ſcale of equal parts the logs. of 
the numbers were taken from, and apply them to the ſcale of ſines from | 
go?, aud they will give the ſeveral diviſions of this ſcale. _ 

Thus the arith. comp. of the log. ſines (or the co-fecants) abating the 
index, of 10, 20˙ 30®, 40 Sc. are the numbers 76033, 46595, 30103, 
19193, &c. then the equal parts to thoſe numbers, laid from go?, will | 
give the diviſions for 10*, 20?, 30˙ 40?, Oc. and the like for the inter. 
mediate degrees. 5 = 2” | 5 = 

Proceeding in this manner, the arith. comp. of the fine of 5* 45/ will be 
about equal to 10 of the primary diviſions of the ſcale of equal parts, or to 
one interval in the log. ſcale ; ſo that a decreaſe of the index by unity, 
anſwers to one interval; then a decreaſe of the index by 2 anſwers to tuo 
intervals, or the whole length of the log. ſcale; and this happens about 
the ſine of 35 min. and the diviſions anſwering to the ſine of a little above 
3 min. viz. J 20, will be equal to 3 intervals; and the fine of about 
26“ will be 4 intervals, &c. ſo that the fine of 9oꝰ being fixed, the be 
ginning of the ſcale is vaſtly diſtant from it. | „ 

It is uſual to inſert the diviſions to every 5 minutes, as far as 10 de- 
grees ; from 10 to 30%, the ſmall diviſions are of 15 minutes each; from 
| go? to 50%, contains every half degree; from 50® to 70®, are only whole 
degrees; the reſt are eaſily reckoned. | | 


70. III. For the Line of Tangents. 


As the tangent of 45 degrees is equal to the radius, or. fine of 90“; 
therefore 45 on this ſcale, is terminated directly oppoſite to go on the 
ſines; and the ſeveral diviſions of this ſcale of log. tangents are con- 
ſtructed in the fame manner as thoſe of the ſines, by applying their arith, 

comp. backward from 45*, or toward the left-hand, 3 
The degrees above 45, are to be counted backward on the ſcale: 
Thus the diviſion at 40“ repreſents both 40 and 50; the diviſion 3 


ſerves for 3o* and 60; and the like of the other diviſions, and their inter- 
_ mediates. . = 


„. IV. For the Line of Verſed Sines. 


This line begins at the termination of the numbers, fines, and tangents: 
But as the numbers on thoſe lines deſcend from the right to the left, ſo 

theſe aſcend in the ſame direction: Now having a table of logarithmic 
verſed fines to 180 degrees, let each log. verſed ſine be ſubtracted from 
that of 180 degrees; then the remainders being ſucceſſively taken from 
the ſaid ſcale of equal parts, and laid on the ruler backward from the 
common termination, the ſeveral diviſions of this ſcale will be obtained. 
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The numbers for each 10 deg. are in the following table : 


— 


i | 7 DE” a | 
D. Numb. D. Numb. D. Numb. Deg.] Numb. [Deg | Numb. Deg] Numb. 


— — — — 


— — — DES 


10 0,0033 40 0,0540 70 ſo, 1 733 1ooſo, 38 3913000, 748 1160 1.52050 
2000, 1335000, o854080O, 2315 11000. 4828140 9319170 2,2194 
zo 0,0301[60, 9,1219 90ſo, 3010.1 200, 602 10 501, 7400180, 10. 3010 
| The other. ſcales will be deſcribed in their proper places. - 
72. Demonſtration of the foregoing conſtructions. 


That of the log. numbers, is evident from the nature of logarithms. 2 


For the Sines and T angents. 5 


Now co-ſine: rad. : : rad. : ſecant (34). Then co-f. x ſecant =1 1 5 

fine rad. :: rad. : co-ſec. (35). fine x'co-fſec.=1 
tan. : rad, : : rad. : co-tan. (36). tan. X co- tan. =I 
The radius of the tables being ſuppoſed equal to 1. 


Ja 


Hence it is evident, that in either caſe, one of the quantities will be 


equal to the quotient of unity divided by the other, 

But diviſion is performed by ſubtraction with logarithms. 

And to ſubtract a log. is the ſame as to add its arith. comp. 

Conſequently the logarithmic co- ſine and ſecant of the fame degrees are 
the arithmetical complements of one another. ES 

And ſo are the logarithmic fines and co-ſecants : Alſo the logarithmic 
tangents and co- tangents are the arith. comp. of one another. | 

73. Now as the arith. comp. of any number is what that number 
wants of unity in the next ſuperior place. 


Therefore every natural fine and its arith. comp. together make the 


radius, - 


And the ſines begin at one end of a radius, and end in oe at the other 
end. 


Therefore in a ſcale of ſines, the arith. comp. of any ſine, or its co- 
ſecant, laid backward from 90, gives the diviſion for that fine. And the 
like muſt happen in a ſcale of log. ſines. 


74. Alſo, as the logarithmic tangents and co-tangents are the arith, 
comp. of one another; therefore in a ſcale of log. tangents, the diviſions 


to the degrees both under and above 45, are equally diſtant from the di- 


viſion of 45. . | | | 
| Conſequently the diviſions ſerving to the degrees under 45, will ſerve, 


by reckoning backward, for thoſe above 45. 
75. For the Verſed Sines, 


Although the numbers in the line of verſed fines aſcend from right to 


left, yet they are only the ſupplements of the real verſed fines, which are 
numbered in the ſame order as the fines, that is, from leſt to right: But 


as the beginning of the verſed fines falls without the ruler, therefore it is 
moſt convenient to lay down the divitions from the point where the verſed 
ſines terminate at 180 degrees, that is, againſt go? on the ſines. 


Now it is evident that the diviſions Jaid off from this termination muſt 


be the differences between the log. verſed fines of the ſeveral degrees, Fc, 


and that of 180 degrees. 
24 1 


2 
os 


1 


_— _—  —  — — . 2 


> r m_—_ 


— 


4 


u TRIGONOMETRY. Bock 111. 


SECTION V; 
The uſe of the Gunter's Scale in Plane T rigonometry. 


76. When a Trigonometrical Queſtion is to be folved by the Gunter's 


| ſcale, it muſt firſt be ſtated by the precepts to that problem under which 


the queſtion falls, whether it be by oppoſite ſides and 2 or * two 


ſides and their included angle, or by three ſides. 


77. In all proportions wrought by the Gunter's . when the fit and 


ſecond terms are of the ſame Tong; then, 


The extent from the firft term to the oy will reach from the third term 
to the fourth. . 


Or, when the firſt and third terms are of the ſame kind, 


Do extent fron the * term to th third will reach from the lane, term 
to the * 


That is, ſet one point of the — on the diviſion hs the firſt 
term, aud extend the other point to the diviſion expreſſing the ſecond (ot 
third) term; then, without altering the opening of the compaſſes, ſet one 
point on the diviſion repreſenting the third term (or ſecond term), and 


the other point will fall on the diviſion ſhewing the fourth term or 
anſwer. 


In working by theſe directions, it is proper to obſerve, 


78. Firſt. The extent from one ſide to another ſide, is to be taken 
from the ſcale of numbers; extent from one angle to another is 


to be taken from the ſcale of ſines, in working by oppoſite ſides and 


angles; or from the ſcale of tangents, in working by two ſides and the 


included antzle. ; 


Secondly. When the extent from the firſt term to the ſecond (or third) 
is decreaſing, or is from the right to the left, then the extent from the third 
term (or ſecond) muſt be alſo decreaſing ; ; ! is, applied from the right 
toward the left: And the like caution is neceſſary when the extent is 


1 from the left toward the right. 


Theſe l being carefully . to, what follows will be readily 
underſtood. N 


79. In 


/ 
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79. | In EXAMPLE I. See Article 53. 


As s, C: AB::$ 4B: Ac. Or 5, 42 05“: 195 1: 8, go Oo: Q, 
where Q ſtands for the number ſought. "M0 


Now the extent from 42% of to 9 ao}, taken on a ſcale of ſines, and 
applied to the ſcale of numbers, will reach from I 9 5 to 2 91. * art. 69. 


Alſo, Ass, 4C: AB::;4A': BC. Or 8, 42 05“: 195 54% $5”: Qs 


Then the extent from 42 05 to 47? 55“ on the ſines, being applied ta 
the numbers, will reach from 195 to 216, See art. 68. | | 

In each of theſe operations, the firſt extent was from'the left to the right, 
or increaſing ; therefore the ſecond extent muſt be from left to right alſo. 


id 


N m ExanpelV. See Art. 56. 
As Ac: 8, B:: AB: „c. Or 291: $90% 0: : 195: * 


Here the extent from 291 to 195, taken on the numbers, and applied 
to the ſines, will reach from go? O to 42" og}, | 

The firſt extent being from the right toward the left, or decreaſing z 
therefore the ſecond extent mult be alſo from the right to the left. 


: In ExAurLE VII. See Art. 59. . 


ſt As AB: Rad.:: Bc: IPL Or 195 : % % 0 5: 2162 4, 

or e 1 | 
ne Then the extent from 195 toc216 on the numbers, will reach from 
nd 452 OO to 47 55/ on the tangents. 


Here the firſt extent being from left to right, or increaſing, therefore 
the ſecond extent muſt alſo be increaſing: Now on the tangents, this in- 
creaſe above 4.5% does not proceed from left to right, but from right to 
left, the ſame way that the decreaſe proceeds (70); conſequently the di- 
viſion which the point falls on for the fourth term, muſt be eſtimated ace - 
cording as the firſt extent is increaſing or decreaſing. 

Thus had the proportion been, 


As BC: Rad, : : AB: t, Cc. Or, 216: 47 o:: 0% 


Then the extent from 216 to 195 on the numbers, will reach from 
45 00' to 42 0/5, eſtimated as decreaſing. | | : 
81. When two ſides and the included angle are given, and the tangent 
of half the difference of the unknown angles is required. | 
Then, on the line of numbers take the extent from the ſum of the 
given ſides to their difference; and on the line of tangents apply this ex- 
| tent from 45% downward, or to the left; let the point of the compaſſes 
reſt where it falls, and bring the other point (from 45*) to the diviſion 
anſwering to the half ſum of the unknown angles; then this extent ap- 
plied from 45 downward, will give the half diffetenee of the unknown 
angles: Whence the angles may be found. (47) 
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In EXAMPLE IX. See the Art, 61. 


As ABT Ac . AB—AC 22 t. 107 LB: t, 2 NN 
Or 57 : 249 . : : t. 60˙ 560 ü 


Now the extent from 567 to 249 on the numbers, being applied to the 
tanvents, will reach from 45 to about 23 40/: Let one point of the con, 
paſſes reſt on this diviſion, and bring the other to 60® 56/ ; then this ex, 
tent will reach from 45 to 38? 19), the half difference ſought. 
Ang this methed will always give the half difference, whether the half + 


ſium of the angles is greater or leſs than 450. 


82. But when the half ſum and half difference are greater than 45 
then the extent from the ſum of the ſides to their difference on the ſcale & 
pumbers, wil: {on the tangents) reach from the half ſum of the angles tu 
their half difference, reckoning from left to right. 5 

And when the half ſum and half difference are both leſs than 45; then 
the extent from the ſum of the ſides to their difference, taken from th 

numbers and applied to the tangents, will reach from the half ſum of the 
angles downward to their half difference, 8 

83. When the three ſides are given to find an angle, and a perpendi. 
cular is drawn from an angle to its oppoſite ſide. See Ex, X. art. 62. 


As Ac : BT AB:: BC==AB ! - An. 
Or 291: 411 22. 8 22 


Now the extent from 291 to 411 on the ſcale of numbers, will reach 

from 21 to 29,6 on the numbers alſa. Es 15 : 
Then the extent for the angles is performed in the ſame manner 2 

ſhewn in Ex. I. | i (70) 


84. Or an angle may be found by Problem VI. as follows. 

In the ſcale of numbers, take the extent from the half ſum (of & and v 
to either of the containing ſides (as E); apply this extent from the other 
containing ſide (as F), to a fourth term: Let one point of the compaſſes 
reſt on this fourth term, and extend the other to the half difference (of 
G and p); then this extent applied to the verſed ſines from the begin- 
ning, will give the ſupplement of the angle ſought. 2 | 


In ExameLE X. See Art. 62. 
E E 201; F = 216; half ſum 1353 half diff, = 60. 
Then on the numbers, the extent from 135 to 291, will reach fron 
216 to 465; let the point reſt there, and extend the other to 60; then 
this extent applied to the verſed fines, will reach from the beginning t 


17 56; which taken from 180%, leaves 42? og“ for the angle ſought. 
85.1 
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85. In ExaAxIx XI. See Art, 63. | 


Im. 


Here E408; F=351I ; half ſum of 6 and Dp 108; half diff. 5. 
Then on the numbers, the extent from 108 to 408, will reach from 
351 in the ſecond interval, to a fourth number: But as the point of the 
compaſſes falls beyond the end of the ſcale, therefore let the extent from 
108 to 408 be applied in the firſt interval, which will reach from 35, 
to 132, let one point reſt on 132, 6, and extend the other point of the 
compaſſes to 51. Now as this extent of the compaſſes is leſs than it 
ought to be, by one interval, or half the length of the ſcale of numbers; 
therefore the laſt extent, when applied to the verſed ſines, muſt be from 
that diviſion, on the verſed fines, oppoſite to the middle of the ſcale of 
numbers, which is nearly at 143; and it will reach from thence to. the 
verſed ſine of 157 237; which taken from 180%, leaves 22* 37” for the 
angle ſought, | 2D 1 Pe 
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© half 
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86. Moft of the writers on Plane T rigonometry treat of right angled, | 


then | | 
** and of oblique angled triangles ſeparately ; making ſeven caſes in the 


former, and ſix caſes in the latter: But as every one of theſe thirteen caſes 
full under one or other of the foregoing Problems, therefore ſuch diſtinc- 
tions are here avoided, it being conceived, that they rather tend to per- 
plex than inſtruct a learner: Alſo in the generality of the treatiſes on this 
ſubject, it is uſually ſhewn how the ſolutions of right angled triangles 
are performed, by making (as it is called) each ſide radius; that is, by 
comparing each ae of the triangle with the radius of the tables: And 

although theſe conſiderations are here omitted, yet the inquiſitive reader 

will find them in Book VII. near the beginning. | Ts 


of tle 


endi, | 
52. * 


U 
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87. Beſide the demonſtration of Problem IV. at art. 48. it has been 
thought proper to give another demonſtration; becauſe there ariſes from 
it a Theorem uſeful on ſome occaſions: Moreover, there is alſo added 
methods of deriving other rules for the ſolution of the caſe where the 
three tides are given to find an angle, which, if they ſhould be found of 


er as 


(78) 


nd 5) no other uſe, will perhaps be agreeable exerciſes of Geometry to thoſe 
— ho are delighted with theſe ſtudies, | 5” | | 

Pales e | = 

e (of Ib AR. - 
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88. In any plane triangle aBc, 
| Given, ca, cg, and 2c. 
Required the angles B and A. 
SOLUTION. Take cD=cs, and draw DB. 
Biſect 08s in F, DA in E, draw CEG, and EF, 
Which is parallel to as. (I. 165) 
Now DE or AE is equal to half the difference 
of CA and CB, : 
And cs (A- AE) is equal to che half ſum 4 
of CA and CB. (4) 
The ſum of the equal angles ch, nn (u. 104) is ad to the ſug 
of the unknown angles CBA, CAB. (II. 98 
Then the angle cBDp is the half ſum, and the _ ABD Is the fl 
difference of the unknown angles CBA, ax. (47 
And as cr is at right angles to ps (II. 103); 3 cr is the ang 
£. CBD, and GF is the tan — of L Ahr to the rad. BF. 
Then CE; CA:: c: or (II. 165): an 2EA : cr: FS. (1. _ 


That i is, cen: CA—CB: : tan 14 c55 Fenn: tan. Z cen e 


89. Again. From n, the middle of cn, draw HI at right angles and 


equal to ch; draw D1, and EK parallel to Dh, _— 01 ade in 
K; and join IE. 


Now HE=(icv+ZDa)ica; and cn=4cs. | | 

And HE =tangent of the angle HIE to the radius, HIZHC. 

Then cg: A:: (aH: 2HE : : HC: HER: :) Radius: tan. AHIE, 
And Z. HIE— (Lnw=) 45? ee KRI (U. 95) 5 is known. 


Then rad.: tan. k EI: : EK: KI: : CK: KI; becauſe LKCES, // KEC, 

But ö :: K: KI :: c. ED, - (1166) 
Jacen: aan. L. 450 
Ac: cn: % J ſum 2.5: 5 Kaff 440) 


— 


Conſequently rad. : tan. K ET:: tan. 1 CCHA TAB: tan. f CDA 


\ This rule is-often uſeful in Aſtronomical calculations, when the logs 
-Tithms of the ſides AB, Be, are only known, and the angles BAc, BCA, at 
required, without finding, from thoſe logarithms, the ſides themſelves. 


For the difference between the logarithms of the ſides, increaſed by 


radius, gives the tangent of an arc ; which are leſſened by 45" leaves 
ſecond arc, 


Then as red. : tan, ſecond arc ; : tan. Z ſum 45s; tan. 2 diff. 4. 
3 | | _ 


go, [1 
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o. In any plane triangle anc, where the three ſides are known, the 
meaſure of either angle (as the angle A, included between the ſides AB, 
ac) may be found ſeveral ways, as ſhewn in the following articles, 

The letters 5, t, v, ſtand for ſine, tangent, verſed fine. 
| | 55 F, ſtand for co- ſine, co-tangento—o 
v, ſtands for the verſed ſine of the ſupplement. 
Alſo 55, tt, ſtand for the ſquares of the ſine and tangent, 


Alſo $5, r, ſtand for the ſquares of the co-ſine and co-tangent, 
Radius =R=ABZAEZSAD; and HAB T ZACH BC. | 


, — B 


IL. 


J = 

fun | * : : 2 

900 — 6 

hal _ —— 6 +6 

20 | * fi = 1 1 

| (4 Je „LAKK MERAS Here RT 4A. 

151) For R: 5, 1 CLA: : (DE=)2aB: BD | 

5 And BR % £44: : 3 . (45) 

Fr New EAA SRD * | (II. 164) 

55 ang 1 | 

ed in 22 2H—2ACX H- 25 OS AT. 59, 
. * RR. (U. 179) 


— xn 
Then „ IAN TT . 
Ac N AB 


3 | * 


2R S — 3 * 25 | | | | 8 
92. — . Habs 1 3 


160 AB NAC 
„ For AB: BG: : R: „. A. | | - 7-48) 
7300 And AB=: BG*: : KR? 66 L. A. 1 73 3 — 
. 5 
— Now 5s, A= NR; T „ (II. 164) 
cu. Az | | | 
e log Si GNHN H= HAC KH. (I. 180) 
CA, ale | | 
8 X H=—CB „ 3 ; 

fed by 93 IEA ABR X 1 _ Cr Here E ELA; and £.D=comp. ZE. 
__ For x: f 1 AK:: (DES 2AB : BE, | wa 
5 And RR: 5 L A:: 4A B“: BE“. ([̃, (I. 161) 
* 3 | ; 1 4 | | 855 

| „„  2ABX4XHXH—CB, (II. 178) 
go, 1 _— 4A & 2A 
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0 ”_ l | 


Now th CAA Wot u. 


| 

d 

> 
0 —— 

be 

QA 


94- t, IAA R * — X H—AB 


For R: t, 1A: : BE: Bb. 
And RR: tt 1. A:: AE 1 
22. 


RESET AC X H—AB, (11 178, 70 } 


H X H=BC ö h 8 | ö 


3 Ig  ſTE%R-CB i 
95. „ LLAZR XY === = | 


H—AC X H—AB, | 
For BD* ; BBL: : (t f, 244: RR: "F RR : ff, 4. A. 


Then 5 f * 1. 77, 7% 


1 . 


96. v, 4. A 2 LN. 1 
For x: v, A: : AB: GD. | . 
Then v, ZA=R N == Br.. II. 171 

; * mn 

ACX AB | - 2 9 

97. vA zk * —— Figs CE 1 
For A* ** 12 duet 8 | (440 
An Ac & AB . | | ML. 


| Ac & AB 5 = 
A:: A: AG. 8 = (457 
X AG  BCi=ACi—AB | | 4 

Then 5, ARX =RX — — _ 1% 
r 2 AB 284C & AB . * 
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Definitions and Principles. gs 

LOPHERICS is that part of the Mathematics which treats-of the 

O poſition and magnitude of arcs of circles deſcribed on the ſurface 

ta ſphere, Ex 3 „ 

2 A SPHERE is a ſolid contained under one uniform round ſurface, 

ch as would be formed by the revolution of a circle about its diameter, 

lat diameter being immoveable during the motion of the circle. A 

Thus the circle AEBD revolving about the diameter AB, will generate a ſphere, 

be ſurface of which will be formed by the eirtumference AEBD. See Plate I. 

The CENTER and Axis of a ſphere are the ſame as the center and 

meter of a generating circle: And as a cjrcle has an indefinite num- 
of diameters, fo a ſphere may be conſidered as having alſo an indefinite 

umber of 2 round any one of which the ſphere may be conceived to 
generated. | ; 72 8 hs 

. CIRCLES OF THE SPHERE are thoſe circles deſcribed on its ſurface 

the motion of the extremities of ſuch chords in the generating circle as 

Ie at right angles to the diameter, or to the axis of the ſphere,  _ 

us by the motion of the circle AEBD about the diameter AB, the extre- 

Wer of the chords Eb, or, 1H, at right angles to AB, will deſeribe circles 

1 1 of which ars equal to theſe cherdt reſpectively, Plate I, 


5. The 


. A 


. The Pots of a circle'vn the ſphere, are thoſe pints on it jy, 
face equally diftant from the cirumference of that circle.” :.;-. - 
Thus A and B are the pales of the circles deſcribed en the ſphere by 1 


6. A GrEaT CiRcLE of the ſphere, is that circle which isequjy 
diſtant from both its-poles. \ -—- * „ 
Thus the. circle dſeribed by the [extremities E, D, of the diameter Eb. 4 
ight angles to AB, being equally / diſtant' from its poles A and B, is calls 
great circle, "RES II | EET 
7. LzssER CIRCLEs of the ſphere, or ſmall circles, are thoſe circly 
which are unequally diſtant from both their poles. - | | 
Typus the circles of which FG, Hl, are diameters, having their poles Acudi 
unegually diſtant from them, are called leſſer circles. 


8. PARALLEL CiRCLEs of the ſphere, are thoſe circles, the planes 
which are conſidered as parallel to the plane of ſome great circle, 
Thus the circles having the diameters FG, Hl, are called parallel circlsj 
 Yeſpett of the great circle of which ED is the diameter. 


9. A SentrIc ANGLE is the inclination of two great circles of ti 
ſphere meeting one another. f | 


10. A SPHERIC TRIANGLE is a figure formed on the ſurface o 
ſphere by the mutual interſections of three great circles. 5 


II. The STEREOGRaPHIC PROJECTION of the ſphere, is ſuch ar 
preſentation of its circles, upon the plane of one of them paſling throw! 
the center, and called the PLANE oF PROJECTION, as would appear tt 

an eye placed in one of the poles of that great circle, and thence viewing 
the circles on the ſphere. 1 


12. The place of the Eye is called the PRojEcTING Poi vr, or lone 
pole: and the point diametrically oppoſite is called the remoteſt, or q 
poſite, or upper pole. . N 

Alſo, the projection of any point on the ſphere, is that point in t 
plane of projection, through which the viſual ray paſſes to the eye. 


13. The PRIMITIVE CIRCLE is that great circle, on the plane 
which the repreſentations of all the other circles are ſuppoſed to be drawn 


14. An OBLIQUE CIRCLE is one which has its plane oblique to ti 
eye. „8 | 


15. A Richr CiReLE is that which is perpendicular to the plane 
the primitive circle, and if it be a great circle, its plane paſſes through 

eye, and it is ſeen edgewiſe ; conſequently it is repreſented by a firay 
line drawn through the center of the primitive circle. | 


roles in 


of the 
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AXIOM 8. 


16. The diameter of ever 7 great circle paſſes through the center of the 
ſphere ; but the diameters of ſmall circles do not paſs through the ſame 
center ; Alſo the center r of the ſphere is _ common center of all its 
great circles. 


17. Every ſection of a «ſphere, by : a plane poſing through its circum- | 


ference, is a circle. 


18. A ſphere is dividesi into two ax parts by the plane of. every great 
circle 3 ; and into two 1 parts by the plane of every ſmall circle. - 


10. The pole of every great circle is at go degrees diſtance from it on 
the nne or the __ . no two yu . can have a common 


pelet "4 


20, The hs of a great circle are the extremities of that 3 or 
axis, of the fphere, which! is perpendicular to the plane of that circle. | 


\ 21. Lines flowing to the projecting point, or place of the eye, How 


every point in the circumference of a circle which it viewss form the 
convex ſurface of a Cone. | | 


22. A plane paſſing through three points on the ſurface of a Aden 


equally diſtant from the pole of a great circle, will be parallel to the. 


plane of that circle.” 


23. The ſhorteſt Liftance between two points on the furface of a ſphere, 
is the arc of a great circle ; paſſing through thoſe points. 


24. If one great circle meet anothet, the angles on either ſide are mpple- 
ments to one another; and every ſpheric ang is leſs than 180 degrees. 


25. A ſpherie an * * is meaſured by an arc of a great circle intercepted 
between the legs of that angle, go degrees diſtant from the angular point. 


26. If two circles interſect one d another, the oppoſite angles are equal. 


27. Two ſpheric triangles are e congruous, if two ſides and their con- 


tained angle in one, are equal to two ſides and their contained angle in 
me other, each to each: Or if two angles. and the contained fide in the 


one, are equal to two angles and their contained fide in the other, each 
to each: Or if the three ſides in the one are reſpectively equal to the 


three ſides in the other. | 
28. All parallel circles have the fame 1 and may de 333 to be 


concentric to the great circle which they are parallel to. 


29. All parallel circles on the ſphere, having the ſame pole, are cut into 
ors arcs «by two great circles —_ through that pole. --. 
8 SEC TI 0 N 
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Book I. 
SECTION II. . 


| | 3 
- S « a | bis 2 | „ 33 $5 3 
1. Stereographic Propoſitions. 
_ PROPOSITION TTT ** 
_ © Great circles of a ſphere mutually cut one another into two equal parts. 
Dem. Any two great circles have the ſame common center. 5 4 16) 4 
| And their planes interſect in a right . * (Il. 200 
= Nou the center muſt lie in the line of their interſection. 4 * c 
4 — this right line is a diameter common to both. 
4 But every circle is biſected by its diameter. | re 
F Therefore the circles mutually biſect one another.. | | 
31. Conor, I. The circumferences of any two circles interſe Ai g * 
Fl another twice, make the angles at both ſections equal. 2 
i For the planes of thoſe circles have the fame inclination at both ends d 
1 cheir interſection, or where the circumferences interſect. | 
I 32. CooL, II. Two great circles of the ſphere will eut each other 


twice at the diſtance of 180 degrees, or in oppoſite 


33 | Z 8 P R O P. II. x 8 
The diſlance of the . 
e 


ints of the ſphere, 


two great circles, is equal to the angle fornd 


Therefore the arc Ac, meaſuring the inclination cr A of the circles, i 
equal to the arc ac meaſuring the diſtance of the poles. - +. (IL. 48, 


„ 34. Conor, I. Two great circles are at right angles to one another, 
4 when they paſs through each other's poles, 


35- Coro. U. 7 he pole of 2 great. circle is 90 degrees diſtant from 


13 
# it, taken in another great circle, or in an arc of it, drawn perpendicular 
bf to the former circle. 1 | 1 | 


36, Coror. III. Two or more great circles, at right angles to an- 
other great circle, interſect one another go? diſtant from it, or in tit 
1 pole of the latter circle. And the like of arcs of great cireles. 


1 7. CooL. IV. If ſeveral great circles interſect one another in the 
pole of another great circle; then are the former circles perpendicular ts 


te latter, | 


- 

1 4 : 
— 
* 
9 ? 
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1. „ ee 


Ju the flereographic projection of the ſphere, the repreſentations of all circle 
mt paſſing through the prejetting point, will be circles. Plate I. thrc2 
figures: | ” ns | 

Let ACEDB repreſent a ſphere, cut by a plane xs, paſſing through the 


ny, center 1, at right angles to the diameter EH, drawn from E, the place of 
(16) fe eye. „ ö | 
0 ve let the ſeCtion of the ſphere (17) by the plane Rs, be the circle 


erbl, its poles being H and E. 3 . 
Suppoſe AGB is a circle on the ſphere to be projected, its pole, . 
remote from the eye, being P: And the viſual rays from the circle Ad 
meeting in E, form the cone AGBE (21) of which the triangle AEB is a 
ſection through the vertex x, and diameter of the baſe AB. (II. 204) 
Then will the figure agbf, which is the projection of the circle 30A, be 


a cirele. | 


DzMoNSTRATION. Since the Z.Eab is meaſured by ; are Ac + (A arc 

ED) arc CE,. | | (II. 137) 

JOS: And the L EBA is meaſured by & arc AC + & arc ck. (II. 128) 

other Therefore the angle EBA =angle Eb. (II. 50) 
here, And fo the triangles EAB, Ea are ſimilar, the EE being common. 


Therefore ab cuts the ſides EA and EB of the cone, in a ſubcontrary poſi- 

tion to AB; and cenſequently the ſection afbg is a circle. (If, 213) 
Now ſuppoſe the plane Rs to revolve on the line co, till it coincides 
with the plane of the circle Ag; | 8 5 

Then it is evident, that the point L will fall in H, the point F in E, 
nd the circle FDL will coincide with the circle DH, which now be- 
comes the primitive circle, where the point r, or E, is the projecting 
point: Alſo the projected circle afbg will become the circle anbk, - 


j 
i 
3 


(1g ; 4 
39, Conor. I. Hence the middle of the projected diameter is the cen- 
4.4 er of the projected circle, whether it be a great circle or a ſmall one. 

45 


40. Conor, II. Hence in all cireles parallel to the plane of projection, 
heir centers and poles will fall-in the center of the projection. | 


41. CoRox. III. The centers and poles of circles, inclined to the | 
lane of projection, fall in that diameter of the primitive circle which is - 
it right angles to the diameter drawn through the projecting point; but * 
t different diſtances from its center. 0 f 

to al- 42. Cokor. IV. All oblique great circles cut the primitive-circle in 
| #0 points diametrically oppoſite, « e 


Vot. I. | | K 3 43. PROP. 


- 
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Tbe meaſure of the angle which the projected diameter of any cir, 1,1. 

tends at the eye, is equal to the diſtance of that circle from its pole, which ; 
 anoft remote from the projecting point, taken on the ſurface of thi obere 
And that angle is biſected by a right line joining the projecting point and th 


Let the plane Rs cut the ſphere HF EO, as in the laſt. | 

And let ABC be any oblique great circle, the diameter of which ae ;; 

projected into ac; and Kol any ſmall circle parallel to Anc, the diamete; 

of which KL is projected into #, ” 3 
The diſtances of thoſe circles from the pole p, being the arcs Aus. 
Kk, and the angles akc, IE, are angles at the eye ſubtended by thei 
] e diameters ac, II. | 55 ; 

Then is the angle ac meaſured by the arc ane, the angle kz/ is mes. 
ſured by the arc KH; and thoſe angles are biſected by EP. 


Dru. For arc pHa=arc pc; and axc PHK =arc PL, | (s) 
And the /_ AEC is meaſured by f arc A arc PHA, II. 120 
Alſo the KEIL is meaſured by 4 arc KPL=arc PHK. mM 12) 
Therefore the angles AEC, KEL, are reſpectively meaſured by the ar 
PHA, PHK. | = | AO 
And it is evident thoſe angles are biſected by the line Ep. 


44. CoRor. I. Hence as the line EP projects the pole p in p; fothe 
fame line refers a projected pole to its place on the ſphere, in the circum. 
ferenee of the primitive circle. | 5 


45. Coror. II. Hence, on the plane of the primitive circle, may be 
deſcribed the repreſentation of any circle whoſe diſtance from its pole 
and the projected place of that pole, are given. . 

For A and PC are projected into pa and pc; and the biſection of « 


. - "gives the center of the circle ſought. 


46. Coror. III. Hence every projected oblique great circle cuts th 
primitive circle in an angle equal to the inclination of the plane of tha 
_ oblique circle to the plane of projection. 

For xa is equivalent to FA the inclination, 


And Fa mealures the angle FHa, ſince FH, Ha, are each 90“. = (9] 
47. Conor. IV. The diſtance between the projections of a great cizck 
and any of its parallels is equivalent to their diſtance on the ſphere, 
Thus the projeQtien at is equivalent to AK, | 


A 


.48. PRO!. 


R Ol: 
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in point of a ſphere fereegraphicalh argietted, is diflant fren the center. 
of projection, by the tangent of half the arc intercepted between that point and 
the pole oppoſite to the eye x The ſemidiameter of the ſphere being made radius, 
Patel... 2 ihmq; 10 H54; = | 


1 s 


Let cbEB be a great circle of the ſphere, the center of which is e, GH the 
plane of projection cutting the diameter of the ſphere in &, B; E, c, the 
poles of the ſection by that plane; and à the projection of Aa. 

Then is ca equal to the tangent of half the are Ac. 

Deu. Draw CF, a tangent to the arc Hg are CA, and jig: 

Now the triangles cc, cak, are congruous: For ccc E, £. C=L4Eca, 
=right L, <4 cc =cEg (II. 128): Therefore ca cf. 


Conſequently ca is equal to the tangent, of half the arc CA. 


042 —ĩll : 

| The angle made by the interſection of the circumferences of two circles in the 
ſame plane, is equal to the angle made by tangent; to theſe circles in the point 
of ſetion 3 and alſo is equal to the angle made by their radi: drawn to that 
point. Plate LJ. e . | 


Let ce, cp, be two arcs of circles in the ſame plane cutting in the 
point c; AC, BF, their radij 3 Cc, FC, tangents at the point c. 
Then js the cyrve-lined angle Ec D 4 GCF= 4ACB. 


Dew. Since the radii AC, BC, are at right angles to their tangents c, Fc 
(II. 120); and are alſo at right angles to the arcs CE, D. (II. 1;6) 
Therefore the poſition of the tangents and arcs at the point C are the 


fame; and conſequently the 4. c ο Leer. 


Alſo the L Ach f L BcG=(right 4. =) £FCG+ BCG. 
Therefore the angle ACB is equal to the angle Fco, by taking away the 
common angle BCG. . SR. (II. 48.) 
Conſequently 4 ECD=GCF= 4 ACB., Raves 
50. SCHOLIUM. If the arcs ct, CD, were in different planes, the 
fame would hold true with regard to their tangents © 
For ſuppoſe the circle cp to revolve on the fixed radius Bc, {till cuttin 
the circle CE in c: Then the tangent cr revolving with it, has ſtill the 
fame inclination to Be: And as the inclination of the planes of the circles 
vary, ſo much will the inclination-of the tangents vary. | 
Therefore the angle made by the tangents, in all poſitions of the cir- 
cular planes, is the {ame as the angle made by their circumferences. 


51. Coror, Hence if a plane touches a ſphere, at the point where two 
circles of it interſect one another, the tangents to both circles will lie in 
that plane; and conſequently, in all oblique poſitions, a right line per- 
pendicular to one tangent will cut the other tangent. 8 5 


K 2 . 52. PROP. 
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The angle which any two circles make, when flereographicalh H. N 
equal to the angle which thoſe circles make on the ſphere. Plate I. ” 2 


Suppoſe DAEL a ſphere to be projected on the plane sR CT, and Arne 
a great circle paſſing through the projecting point E. Let LBA be any 
other circle, cutting the former in L and A, under the angle BAR, which 
will be repreſented by the circle sBR, (38) as the circle ELDA is by the 
right line sc (15). The angle BAE is equal to the angle R c. 

From the point A draw AC, AF, to touch the circles AEL, ABS in A, and 
meet the plane of projection inc and ; alſo draw RF and CF, which wil 
be in that plane; and, in the plane of the great circle AEL, draw Ap pa- 


rallel to sc, and join ED. 


DEM. Fhe angular point A ts projected into R; (12) conſequently ar 


is projected into Re, and AF into RF, And ſince se is the common 
ſection of the plane of projection with that of the great circle ELDA 
(II. 210) the lines Ac, sc, AD, ED, AE, lie all in the plane of that circle: 
Alſo becauſe AD is parallel to sc, the E. ARC= EL DAEZADE= LRA 
(II. 94, 104, 132) conſequently Ac RC (II. 104). Now the plane 
paſſing through ac and AF touches the ſphere in. A, (51) it is therefore 
perpendicular to the plane of the cirele Ax D; and FC its common ſection 
with the plane of projection, is at right angles to that plane (II. 210); 
Fe is therefore at right angles both to the lines Ac and cx (II. 205): 
Hence, the triangles Ac, RCF, being right angled at c, having the ſide 
Fc common, and AC=CR, are congruous (II. 99), and the 2. car= 
Z.CRF. Conſequently the ZEAB=Z. Fac (51) = ZFRC. Now it is 
manifeſt that as AF touches the baſe, ABL, of the cone EABL, in the 
point A, a plane paſſing through Ar and AE will touch the fide of the 
cone in the line AE; but Ay is allo in that plane (II. 198); therefore 
AR touches the cone in the line AE; and as AR lies alſo in the plane 
of the circle sgR, it muſt touch that circle alſo ;, confequently (50) 
BRC L FRC Z. FACED £4 ABE. n 5 


53. PROP. VII. 


The diftance between the poles of the primitive circle and an oblique great 
circle, in ſtereographic projections, is equal to the tangent of half the inclina- 
tion of thoſe circles; and the diſtance of their centers is equal to the tangent 
of their inclination : The ſemidiameter of the primitive circle being made 
radius. Plate I. 5 ED „„ | 


Let AC be the diameter of. a circle, the poles of which are P and Q, 
and inclined to the plane of projection in the angle Alx. 
And let a, c, p, be the projections of the points A, c, P. 

Alſo let Ha be the projected oblique circle, the center of which is . 
Now when the plane of projection becomes the primitive circle, the pole 
. 5 

Then is 1p S tangent of half C Arr, or of half the arc Ar. 

And 1q=tangent of AF, or of the CFH Alx. | 

DRM. For AH +HP=AH+AF. Therefore HPA. | 
But 1p=tangent of half Hp, or of half Ar. | (48) 


Again, 


828299880 ( —_—_— 


1 —_— 
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v. 
| Again. As AC is projected in ac, then , the middle of ac, is the center 
10 of the projected circle, and of its repreſentative Hax. (45) 


Draw £9 produced to r.- Then as qa NE; the 2 9E A= A. gaz. (II. 104) 


L Therefore the arc Aurarc AFE (II. 50): And as the arc AHPZ=FQE 3 
ny Therefore Pr =AF=HP; and Hr twice the arc AF. ON | 
ich Therefore (II. 127) the IRH air, the inclination ef the circles. 
the But 19 is the tangent of the Z teg, EI being the radius. 

. Coror. Hence the radius of an oblique circle is equal to the 
nd ſecant of the obliquity of that circle to the primitive. 


For Eg is the ſecant of the angle 1Eę, to the radius EI. 
55. E | 
If through any given point in the primitive circle an oblique circle be deſcribe 


AC ) 
ian ed; then the centers of all other oblique circles paſſing through that point, will 
Da be in a right line drawn through the center of the firſt oblique circle at right 
le: angles to a line paſſing through the given point, and the center of the primitive. 
AC: Let GACE be the primitive circle, ApEI a great circle deſcribed through 


D, its center being B. | 


ore HK is a right line drawn through z, perpendicular to a right line cr 
jon paſſing through d, and the center of the primitive cirele. 85 
) Then the centers of all other great circles FDG paſſing through p will 


fall in the line HK, f | 


Dem, For if E be the projecting point, the circle ED AIT will be the 

projection of a circle, the diameter of which is Nm. | (38) 

Therefore D and 1 are the projections of N, M, which are oppolite 
points on the ſphere z or of points at a ſemicircle's diftance. 


o Therefore all circles paſſing through D and 1 muſt be the projections of 
00 great cireles on the ſphere. ä | | 
But Di is a chord in every circle paſſing through the points 9, 1. 


Conſequently the centers of all thoſe circles will be found in H drawn 
perpendicularly through B, the middle of . (II. 125) 


8 PROP.- Xx. 


eat Equal arcs of any two great circles of the ſphere, will be intercepted be- 
na- tween two other circles drawn on the ſphere through the remateſt pales of thoſe 
= great circles, Plate L a | 
ade 


remoteſt poles of which are E, P; and through theſe poles let the great 


Q circle PBEC, and ſmall circle PGF, be drawn, interſecting the great circles 

AGB, CFD, in the points B, G, and p, F. | 

Then are the intercepted arcs BG and DF equal to one another. 

Du. For the arcs ED + DB =arcs PB+DB; therefore ED=PB. 
"Wie And the arcs EF + FG arcs PG+F6 (19) ; therefore EF=P6. 

For the points F and & are equally diſtant from their poles P, E. 

Alſo the DEF HHO; for interſecting circles make equal angles at the 

ſections. | | (37) 

Therefore the triangles EFD and po are CONgruous, ( 27} 
48 Therefore the arc B0 arc DF. | 
AY | 
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But the Zak is meaſured by half the arc EFA. UI. 137 


Let PBEA be a ſphere, on which A863, CFD, are two great circles, the 


rene fes Book vi 
tmn I.--: . 
If lines be drawn from the projected pole of any great circle, cutting the 


peripheries of the projected circle and plane projection, the intercepted arc, 
of thoſe circumferences are equal. Plate JI. EE OO . 


On the plane of. projection, AGB, let the great circle CFD be pro- 


jected into /, and its pole P in p; moregver, draw the lines pd, F. 


the arcs GB and fd are equal. | on "ad 
Since pd lies both in the plane Ach and Ar BE ſt is their common ſec- 
tion. 3 e (I. 198) 
But the point B is in their common ſectionn | (56) 
Therefore pd paſſes through the point B. | 1 

And in this manner it may he proved that F paſſes through d. 


Now the points p and F are projected into d and f. (38) 
Therefore the arc fd is equivalent to the arc Fv, _ : 
But the arc zy is equal to the are 68:  _. 8 
Therefore the arc G8 is equivalent to the arc fu. (U. 46.) 
58. | r. m7 | 


The radius of any ſmall circle, the plane of which is perpendicular to that 
of the primitive circle, is equal to the tangent of that leſſer. circles diſtance 
from its pole; and the ſecant of that diflance, is equal to the diſtance of the 
centers of the primitive and leſſer circle, Plate I. | 7 


Let p be the pole, and Ax the diameter of a leſſer circle; the plane 
being perpendicular to the plane of the primitive circle, the center f 
which is c: Then à being the center of the projected leſſer circle, da is 


| equal to the tangent of the arc PA, and dc=ſecaut of PA. 


DEu. Draw the diameter Ep parallel to AB, and through P draw cb. Now 


E being the projecting point, the diameter AB is projected in ab. (22) 
And d, the middle of ab, is the center of a circle on 46. 430) 
Then a right line drawn from n through a, will meet b? (II. 130 


And draw EA, da. PE | 
Now the right-angled triangles Dcb, DAE, having the angle D common; 
the De ZK DEA. 3 = Py (II. 98) 
But 4DEaA=EZ,nca; and E DC TL adc: | * H. 12½ 

Therefore . DCA= £4 Adc. / 5 | f 

Now Z. DSA 4 acd=a right angle. „„ 
Then 4 Adc r £ Ac a right angle: Therefore 4 cAd is right. (II. 96) 
Conſequently 4A =radius of the eircle Aas, is the tangent of the arc PA, 
to the radius CA. | | II 


And dc, the diſtance of the centers, is the ſecant of the are AP, (III. 5.) 


59. Coror. Hence the tangent and ſecant of any arc of the primitive 
circle, belongs alſo to an equal arc of any oblique circle ; thoſe arcs be- 
ing reckoned from their interſeftion, 2 

For the arc pc of every oblique circle intercepted between Þ and the 
arc of the ſmall circle AaB, is equivalent to the arc PA of the primitive 
circle: Becauſe the arc AqB is equally diſtant from its paler... -{ 5) 
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nee 
Spherical Geometry. 


Spheric Geometry, or ſpheric projection, is the art of deſcribing, 
ir repreſenting, ſuch circles or arcs of circles as are uſually drawn 


upon @ ſphere on the plane of any one of them ; and of meaſuring 


ben projected. 


ſuch arcs, and their poſitions to one another, 


60 'FROBLEM L 


To deſeribe a great circle that ſhall paſs through th o given points in the 


primitive circle, or plane of projection. 
Let the given points be A, B; and c the cent r of the prim. circle. 


CAsk 1. When one point, A, it the center of th 
primitive circle. | | | | 


Consr. A diameter drawn through the given 
points A, B, will be the great circle required. (15) 


Cask 2. When one point, A, is in the circum- 
ference of the primitive circle. | | 


ConsT. Through a draw a diameter AD, 

Then an oblique circle deſcribed through the 
three points A, B, D (II. 72) will be the great circle 
required, | (42) 


br. Case 3. When neither point is at the center 
vr circumference of the primitive circle. | 


ConsT. Through one point A, and the center 
t, draw AG, and draw CE at right angles to AG. 

A ruler by E and A gives-D; by p and c gives 
F; and by E and F gives c, in AC continued, 


Through the three points o, B, A, deſcribe a circumference (II. 72) 


cutting the primitive circle in x and 1. | 
Then the oblique circle HEAT will be th: great circle required, 
For aG may be taken as the projection of the great circle FD. (12) 
herefore A and & are the projections of oppoſite points on the ſphere. ( 32) 
Conſequently all circles paſſing through & and a, will be the repre- 


kntatives of great circles on the ſphere, 
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=: PROBLEM II. . 
About any given point as a pole, 1 deſcribe a great circle in a given pri. 
Mit ive circle, 1 VV e | 


| Let P be the given point, and 1 the center of the primitive circle, 


Cass 1. When the given pole, P, is in the center 
of the primitive circle. 


ConsrT. The primitive circle will be the great 


circle required. | 141 


CAskE 2. When the given _y is in the circum- 
ference of the primitive circle. 


ConsT. Through the given pole r, draw PE a 
diameter to the primitive circle. | 

Then another diam. AB, drawn at right angles 
to PE, will be the great circle required. (20,15) 


63. Cass 3. When the given pole Þ is neither in 
the center. or circumference of the primitive circle, 


Consr., Through p draw a diameter ba, and another BE at right angle 
to bd; then a ruler by E and P gives þ, | 


Make the arc pA, a ruler by E and A gives 
a in the diameter bd. 1 5 

Then a circle deſeribed through the three points 8 
B, a, E, is the great circle required. —.— 


Or thus : Make the arc pp gare 2B; a ruler on 
E and D gives c in dh produced. : | 
Then on c, with the radius ca deſcrjbe Bax. 


For, As E is the projecting point, and p the projected pole 


Therefore p is the pole of the circle Ar to be projected. (44) 
And Bax is the projection of the circle ar. | (38) 
Now L cat is meaſured by half the arc ade. IIb. 13/ 


But arc ABDZZarc AdE: For ap=(Bd=) dE; and pp Ad by con- 
ſtruction. | wo 


Therefore AEC 2. car Sund cE=ca, | (II. 104] 


Conſequently o is the center required. 
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PROBLEM III. 
A projetted circle being given ; to find its poles, 
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pri 


nitive. Sb | 


Consr. Find the center c, (II. 70) and it is A 
the pole ſought. : | ES 

CasE 2. When the given circle Ach is à right 
arcles | 
ConsT. Draw a diameter Ep at right angles 


to AB, and the ends or points, D, E, of that dia- 
meter are the poles required. 


bs, Cat 3. When the given circle ABE is oblique. | 


ConsT. Through the interſections of the pri- 
mitive and oblique circles draw a diameter AE, 
Jand another at right angles to AE, cutting the 
given oblique circle in B. | 
A ruler by E and B; gives 5; make bp, bg, each 
=an arc of 900. | : 

A ruler by E and p gives, in the diameter through B, the point P, which 
js the pole required. | | 

And a ruler by E and 9 gives, in cB continued, the point Q for the 
other, or oppoſite or exterior pole, 9 | 

Make pÞ=pa 3 then a ruler by E and p gives, in Bc continued, the 
point r, which is the center of the oblique circle ABE. ; 

The reaſon of this operation is evident from that of the laſt Problem. 


66, PROBLEM lv. 


5 any given projected pole, to deſcribe a circle at a given diſtance from 
that pole. | e | 
Or, at a propoſed diſtance from a given great circle, ib deſcribe a parallel 


arcle, | 


40 Let v be the given pole, belonging to the given great circle DFE. | 
137 GENERAL SOLUTION. Through the given pole P, and c the center 
con- of the primitive circle, draw a diameter, and another DE at right angles 


to it. | | 

A ruler on E and Þ gives p in the primitive circle. 

Make pa and ps, each equal to the propoſed diſtance from the pole. 

"7" on E and A, and then on E and B, will cut the diameter o in 

aand b, | | 12 | 
Biſect ab in e; and on c as a center deſcribe a circle paſſing through a 

ard b, Which will be the circle required, | 


100 


But 


133 SPHERICS. 


But when the parallel circle is to be at a propoſed 
diſtance from the given great circle Dore, 
Find p as before; and make pa=ps,-equal to 
the complement of the propoſed diſtance; the reſt 
as before. \ 5 of * 


For p is the pole, the projection of which is p. 
But p is the pole of a circle, the diameter of whic 
AB is projected in ab. . © + 3 EP a, * 
Therefore c, the middle of ab, is the center of {6 C.. C. 
the projected cirele. | (39) 


67. The firſt caſe is readily done, by deſcribing the 
ſmall circle about the center of the primitive cycle 
with the tangent of half its diſtance from the pole r. 


68. Tho ſecond caſe is ſooneſt performed thus. 


From the points A, B, (found as above) with the + 
- tangent of their diſtance from v, the pole of the right 
circle, deſcribe arcs cutting in c, which is the center 
of a ſmall circle parallel to the right circle Dre. 


For ap is the tangent of the arc AP. - (ﬆ) 


6g. PROBLEM: V. 


The primitive circle, and the projection of a ſmall circle; being given; u 
find the pole of that ſmall circle. "$5 | 5 


Let c be the center of the primitive circle, and ABD a projected {mall 
circle, the center of which is c, and radius cg. 
GENERAL SOLUTION. Through c the center of the ſmall circle, and 


c the center of the primitive, draw a diameter cr, and another, ck, 2 
right angles to it. WM | | 
Find the projected diameter Bh ach. 
Lines drawn from E through 8B and 8, cut the primitive cirele in 4, d; 
then biſect the arc ad in p. | RR, 
A ruler by E and p cuts the diameter 8b in p, the pole ſought. 
The truth of this conſtruction is evident by that of the laſt Prob. 
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. 25 PROBLEM VI. 3. 
7 meaſure any arc of a preiected great circle : Or, in a given prgetied 
wut circle, to take an arc of a given number Ll degries. - - - \ 

' GENERAL SOLUTION. Find the pole of the given circle. (64) 
From that pole draw lines through the ends of the propoſed arcs cut- 
ine the primitive circle. „ NT | RD, | 
Then the intefcepted arc of the primitive circle applied to the ſcale of 
bords will give the meaſure ſought, ra 
Thus, if AB be the are to be meaſured, and P the pole of the given 
ircle Dr. . an 5 : 75 - 238 : 
Then lines drawn from p through A and B, give the arc ab in the pri- 
nitive circle, correſponding to AB in the projected circle. | 
Now if an arc of a given number of degrees was 
obe taken from a given point Ay in the given pro- 
ted circle DAF. $0 IME:--1 . 5 
Draw, from the pole r, through a, the line pa 
p the primitive en :?:; 
Apply the given number of degrees from a to b. 
Draw hb, and the intercepted arc AB will con- 
nin the degrees propoſed. | e | 
71. Any number of degrees is readily applied to 
right circle by the ſcale of half-tangents. Thus | 
When the diſtance of the point A from the cen= _ 
er c is known, and the given quantity of the arc 
5 to be laid from A toward 7; | 
To the known diſtance A add the propoſed arc 
p, the degrees in the ſum taken from the ſcale of 
alf-tangents, and laid from c to Þ, will make the 
rc AB equal to the degrees.propoſed, 
But when the arc AR is tö be laid from A to- 

ard D; ED 3 

Then the difference between the ares AB and 
C, taken from the ſcale of half- tangents and laid 
oward D from C to B, will make the arc AB equal 
0 the degrees propoſed. | 

The reaſon of all theſe operations is evident 
om art. 57. | 3 | 35355 

Mie, Ihe half, or ſemi-tangents, are only the tangents of half the 

es the ſcale of tangents is made to; their conſtruction depends on art. 48. 
Vn the plane ſcale they are put under the Tangents, and marked s. 1. 
72. PROBLEM YE 

To meaſure any projected ſpherical angle. | 

GENERAL SOLUTION. Find the poles of the two circles which form 
the angle (64); and from the angular point draw lines through thoſ 

poles to cut the primitive circle. = £7 27 

Then the meaſure of that angle, if acute, will be the [intercepted arc 

f the primitive circle ; or the fupplement of that arc will be the meaſure 
f the angle when obtuſe. e Mi to f | 

Let the propoſed angle DAR, formed by the great circles AD, AB, the 

poles of which are c and ; and lines drawn from the angular point A, 

firough the poles C and p, cut the primitive circle in E and p. | 


Bock IV. 139 


1ſt. When the angle i is formed by the primitive and oblique circles; 
Then the arc pE meaſures the acute angle DAB. | 
But the obtuſe angle BAF is meaſured by the ſupplement of pr. 
' 2d, When the angle is formed by right and —_—_— circles meeting 1 
the primitive's circumference 
Then the arc pz meaſures the angle DAB. 
3d. When the angle is formed by right and chligns circles — 
within the primitive circle; | 
Then the arc pE meaſures the acute angle. DAB. . 
But the obtuſe angle par is meaſured by the ſupplement of pe, 
4th. When the angle is formed by two oblique circles meeting within 
the primitive circle; 
Then the acute angle DAB 5s meaſured by the arc px. 
But the ſupplement of pz meaſures the obtuſe angle PAY. 


For, as the angular point A is in both circles, and 90? diſtant from 
their poles c and p (19). Therefore a great circle deſcribed about A, 
as a pole, will paſs through the poles c and p. 

And lines drawn from A through c and p, cut off, in the circumference 
of the plane of projection, an are equal to the diſtance of the Hann! 


and p. (5 
But the meaſure of the diſtance of the poles C, P, is equal to the in th 
clination of the planes of the circles AD, AB; 4 3) 
And conſequently meaſures the angle Das, 
73. PROBLEM VIII. 


Through a given point in any prejected great circles to deſeribe SPY 
great circle at right angles to the given one. 


GENERAL SOLUTION. - Find the pole of the \ 
pron circle. (64) | 1 
' Then a great circle deſcribed through that pole TD 


and the given point will be at right angles to the W PR 

given circle. | 

Let the given projected great circle be BAD ; ; 8 

and 4 the given point. | | 
1ſt. When BAD is the primitive circle, the pale 


＋ which is p. | | 

A diameter through A will be perpendicular to AN 

| BAD. (II. 136) | 

2d. When BAD is a right circle, the poles of c N 
which are Þ and o. 1 / | 


An oblique circle deſcribed through the points 
C, A, , (II. 72) will be at right angles to Bad. 


tl 


( 


hen 
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1d. When BAD is an oblique circle, the pole of 
| h ts P. | £3 | 76 

trough the points Þ and à, a great circle 

ae being deſcribed (61), will be at right angles 


6 Ab. 5 
The truth of theſe operations is evident from 


art, 34 | 
1 „ P. Ng LEM 1X. 


Through any aſſigned point in a given projetted great circle, to deſcribe an- 
her great cifcle cutting the former in an angle of a given number of de- 
tel. 0. | 


Let v be a given point in any great 44 APB. 
it, When APB is the primitive circle. 

Through the given point P draw a diameter 
zx, and draw the diameter AB at right angles to 
PE, 

Draw pp cutting AB in D, ſo that the angle 
ep be equal to the angle propoſed. 

On p with the radius DP deſcribe the great 
circle PFE. . 

Then will the angle Apr contain the given de- 
bees. . | | 

For the £FPA=angle made by the radii pc, PD, | (49) 

And p being equally diſtant from P and E, is the center ſought, 


75. Or thus: Make cp equal to the tangent of the given angle to 
the radius CP, | | | + | 
Or, Make Pp equal to the ſecant of that angle. 


16, 2d. When APB is à right circle. 

Draw a diameter GH at right angles to ApB. 

Then a ruler by G and p gives à in the primi- 
tive circle, | N : 

Make nb=24aa; a ruler by 6 and 5 gives c in 
AB, i | 

Draw cp at right angles to AB. | 

Draw pp cutting CD in p, ſo that the 4 cyp= 


womplement of the degrees given. (II. 84) 


On p with the radius Dp deſcribe a circle PE, which will be a great 
circle, making with Ar the angle Apr, as required, | 


F ' C is the center of a great circle GPH, by the demonſtration to 
ut, (3. TD 
And the centers of all great circles through », will be in ep. (55) 


Now LDPE OO. (II. 136) 


4 
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7. zd. When Apz is an oblique circle. 
From the given point 7, draw the lines PG, Po, 
through the centers of the primitive and given ob- 
lique circles, and through c the center of AE draw 
ep at right angles to PG. . (II. 50) 
Draw PD, making the cpp given degrees, 
and cutting CD in D. | (II. 84) 3 
From D with the radius Dy, a circle FPE being WV... Wo 
deſcribed, will be a great circle cutting APE in the angle propoſed, the 
For c, the center of App, is in a line perpendicular to Pc, dra Mill +, 
through » and the center of the primitive, by conſtruction. 
And the centers of all great circles through p will be in cp, 
Now the (cpp made by the radii pc, PD, contains the given degrees, iſ 8: 
Therefore the angle APF is equal to the angle required. (49 


=” PROBLEM: ©- 8 5 


Through any point in the plane of projection, or primitive circle, to d. 
feribe a great circle that Mall cut a given great circle in any angle projuſe: i 
Provided the meaſure of that propoſed angle is not leſs than the diftance h. ! 

tween the given point and circle. TL RG Bo = 9 


Let the given point be A, through which a circle 
is to be deſcribed to cut a given great circle BDC, 
the pole of which is P, in an angle equal to a pro- 
poſed number of degrees. eg EEE Rs 
GENERAL SOLUTION. About the given point A, 
as a pole, deſcribe a great circle EGF. (62) 
About Þ, the pole of the given circle Boe, de- 
ſcribe a ſmall circle at a diſtance equal to the given 
angle, cutting the great circle EGF in G. (66) | 
About the point o, as a pole (62,) deſcribe a great circle cutting the 
given circle oc in D, Then will Apc be the angle required. 


Nite, When the given angle is equal to the diſtance between the given 
point and circle, the problem is limited to one anſwer only : When the 
meaſure of the angle is greater, the problem has two ſolutions by the circle 
deſcribed cutting the given one in two points: But when the meaſure of 
the go is leſs, the problem is impoſſible. This conſtructign is thus 
proved. | e 


P and G are the poles of B and AD, 


And 


wok i. | SPUERGES * 


- And the diftance of r and 0 is equal to the degrees in che propoſed 
le, by conftruction. But 2 aDc=diſtance of F and o. 33) 
Therefore the C ADC is the angle required. : N | 


70 Il hen the required circle is to make a given angle with the primitive. 


Then, from the center of the primitive, with the tang. of the given 
angle, deſcribe an arc; and from the given point A, with the ſecant of 
the given angle, cut the former arc. | 


On this interſection, a circle being deſcribed through the given point 


z, will cut the primitive circle in the angle propoſed. 
| This depends on art. 75. . : | 


0 „ 


Any great circle, cutting the primitive, being given, to deſcribe another 
great circle, which ſhall cut the given one in a propoſed angle, and have a 


given arc intercepted between the primitive and given circles. 


Let ABC be the primitive circle, the center of which is 2; and the 


given great circle be ADC, the center of which is K. 
S$oLUTION. Draw a diameter EBD at right an- S 


28 
5 "% 3 


hn £ VQ 


les to ADC 3 and make the angle BDF equal to 
the complement of the given angle; ſuppoſe = - 
complement of 35, | 5 Fas 

Make DF equal to the tangent of the given are j#1........9 
(uppoſe 58?) ; and from r, with the ſecant of that 
arc, deſcribe an arc g. | Eo 

Now when ADC is an oblique circle; from E. 
the center of ADC, with the radius Er, cut the 
ac og in G. | | 
But when ADC is a right circle; through F draw 
re parallel to ADC, cutting the arc Gg in d. 

From 6, with the tangent Dr, deſcribe an arc, 
16, cutting ADC in 1; and draw GI. 

Through & and the center P draw Ok, cutting 
the primitive circle in H, K; draw PL perpendi- | 
cular to GK; and IL at right angles to 10, cutting PL in L, 

And L will be the center of a circle paſſing through EH, 1, k, which 
will be the great circle required. = | | 5 

Then the C ain=35?; and arc iH=58?, as was propoſed. 

For GP is the ſecant, and oi is the tang. of the arc xr, „ 069) 

And as the triangles EG1, EFD, are congruous ; the Z EIO CED. 


(Il. 102) 


But the C E1G made by the tangent. of the arc x1 and the radius of 
the are Ar, is the complement of the angle made by thoſe arcs. (49) 
_ Conſequently the Z ain is the complement of the EDP Tr. 

The center of the right circle ac being ſuppoſed at an infinite di- 
ſtance, therefore any circle ro deſcribed from that center, will be pa- 
rallel to Ac. . | | | 
| ; When 


, 
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When the given arc is more than go, the tangent and ſecant of its 
ſupplement is to be applied on the line Dy the — way, Or toward 
the right; the former conſtruction being reckoned to the Jeſt; 


81, PROBLEM xn. 


Any great circle in the plane of projettion being given; 10 deſyribe anther 
great circle, which ſhall make given angles with the primitive and giun 
circles. | | : 


Let the given great circle be Abc, and its pole & 


SOLUTION. About v, the pole of the primitive 
circle, deſcribe an arc mn, at the diſtance of as 
many degrees as are in the angle which the re- 
quired cirele is to make with the primitive: Sup- 
poſe 629. . | (67) 

About Q, the pole of the other given circle, 
and at a diſtance equal to the meaſure of the angle 
which the required circle is to make with the given 
circle aDc (ſuppoſe 48*), deſcribe an arc on, cut- 
ting mn in n. . (66) 

About n, as a pole, deſcribe the great circle 
EDF, cutting the given circles in E and D. (62) 

Then is the angle AED =62?; and ADE=48-. 


For the diftance of the poles of any two great 


circles, is equal to the angie which thoſe circles 
make with one another. | 122} 


ReMaRK. The I1th Problem, which is particularly uſeful in con- 
ſtructing a ſpherical triangle, in which are given two angles and a fule 


oppoſite to one of them, includes only two caſes of a more general Pro- 
blem, viz. a I | 


Any two great ciroles being given in poſition ; to deſcribe a third, which 
Wall cut one of thoſe given in an angle propoſed, and have a given arc inter. 
cepted between the given circles. | | | 

Alſo the 12th Problem, uſed when the three angles are given, con- 
tains only two Caſes of another Problem; viz. SEES 


Any two great circles being. given in poſition, to deſcribe a third which 
Hall cut the given circles in given angles. | | 


he ſolution of theſe two general Problems not being wanted in any 
part of this work; it was not thought neceſſary here to annex them; 


more having been already delivered in the preceding pages than it is uſull 


to meet with on this ſubject. However, their ſolution is recommended 


as exerciſes to ſpeculative learners, 


SECTION 


SPHERICS, 


SECTION IV. 


Spheric An 


DzFINITIONS. — 


82 Srurnic TRIGONOMETRY:i is the art of computing the meaſures 
of the ſides and angles of ſuch triangles as are formed on the ſurface of 
a ſphere, by the mutual interſections of three great circles deſcribed 
thereon. - 7 | : f : 8 


83. A SpHERIC TRIANGLE conſiſts of three ſides and three angles. 


The meaſures of 1 ſides or angles of ſpheric triangles are eſti- 
mated by the relations between the ſines, or the tangents, or the ſecants, 
of the ſides or angles known, and of thoſe that are unknown. | 


84. A Ricnr AxcLeD Senertc TRIANGLE has one right angle: 
The ſides about the right angle are called Legs, and the fide oppoſite to 
the right angle is called the Hypothenuſe. 


- $5. A QUaDRANTAL SeuzRIc TRIANGLE has one ſide equal to 
ninety degrees, : 


- 


86. An OBLiqQue- Sruxkic TRIANGLE has all its ok oblique. 


2 The CIRCULAR Panrs of a triangle, are the arcs which meaſure 
lis ſides and angles. 


88. Two ſpheric triangles are ſaid to. be 3 to one another, 
when the ſides and angles of the one are reſpective ſupplements of the 
angles and ſides of the other: And one, in regard to the other, is called 
the upplemental triangle. 

89. Two arcs or angles, when compared together, are ſaid to be alike, 
or of the ſame kind, when both are acute, or leſs than do, or when both 
are obtuſe, or greater than 9oꝰ: But when one is greater and the other 
leſs than 90, they are faid to be unlike. 


The leſſer circles of the ſphere do not enter into Trigonometrical com- 
. becauſe of the diverſity of their radii, 


* 


SECTION 


| $PHERIES Many 
SECTION . 
Spherical Theorems. 
9b. ] THEOREM'L 


In every ſoheric triangle, aBC, equal angles, B, c, are oppoſe te to equal 
ſides, ac, aB: And equa! fides,: AB, Ac, are oppoſite to equal angles, C, B, 
DEM. Since AB Ac, make aE=anD; and draw A 
BD, CE. = 
Then is BD=CE; and / AEC= L. ADB. (27). 
For the triangles AEC, ADB, are conbrioud, 
Since ABA; 3 ADZAE; LA common. 
Alfo, the triangles BEC, CDs are copgruous; "ny B 
Therefore /_EBC= /_DCB. : | 
For ECS BD; EB=(AB—AR=)*DC: (SAc Ap). 1 ” (IL 48) 
And 2 BEC= 4 cps, they being the ſuppl. of equal angles are, a, 
Again, if ZABC=Z.ACB: Then is ABZAC. e 
For take BE=CD; and deſcribe the arcs CE, BD. | 5 14 
nc Zenn; /BcE=L{cnD. (4) 
For A * BcE=AcBD; fince Be is common, BE =CD, CEBC = £ DCE, | 
Alſo the triangles ABD, ACE, are congruous 
Since Kc DB, L AcE enen ABD (= Leva—cn)). 
(1.4 
Ard LAEC= (ſup. BEC=) LADB (Sſup. Z.CDB.) (II. 48) 
Therefore AEZAD; and AB (AE T EBA) ac (ADT DS). (II. a) 


91. Coror, A line drawn from the vertex of an iſoſceles ſpheric tri- 
angle, to the middle of the baſe, is perpendicular to the baſe. 
This is eaſily proved from article 90, 27. | 


92. | THEOREM I. 
Eiiber fade of a ſpheri ic triangle is leſs than the ſum of the ates 2 7100 2 ls” 


Dem. For on the ſurface of the fphere, the ſhorteſt diſtance between two 
points, is an arc of a great circle paſſing through thoſe points. (23) 
But each ſide of a ſpheric triangle is an arc of a great circle, (10) 
Therefore either ſide being the ſhorteſt diſtance between its extremi- 

ties, is leſs than the ſum of the other two ſides, | 


93. 1 THEORE M- HE | 
Each fide of a ſpheric triangle is leſs than a ſemicirele, or 180 1 
Du. Two great circles interſect each other twice at the diſtance of 180 
degrees. -- O10) 
The ſides about any ſpheric angle are arcs of two great Circles, (10) 
But a ſpheric triangle has three ſides. 


Therefore every two ſides before their ſecond meeting muſt be inter- 
ſected by the third ſide. 


— each {ide is leſs than a femicirele. 


— — 
— ts. Att. r — -- 
w— OC” 


* 'The mark A ſtands for the word — 


ua! 


18) 


91 TAEOREM Iv. 


In every ſober 9 55 e, the greets i * BC, is oppoſite the greateſt 
angle, A». 


Dem. Make z BAD L ABC. | 

Then AD=BD (g0); and BCZAD+DC, © | 

But aD+DC is greater tha ac, | (92). 
Therefore BC is greater than Ac. ey 


. T HE fo) R E M v. D 1 | 
If from the three angles of a ſpheric triangle, ABC, as alc be deſcri 

three arcs of great circles, forming another ſpheric triangle, EDF ; then will 

the ſides of the latter, and the oppoſite angles of the former, be the ſupplements | 


| of one another: Alſo the angles in the latter, and their oþpoſt ite fides in the 


former, are the ſupplements of one another. 


That is, FE and Zea, FD and L ABC, DE 
and Z. Ach, are ſupplements to one another. 

Alſo E and Ac, 4D and cB, CF and AB, are 
the ſupplements to one another. 


Deu. The interſection E of the arcs about the 


poles A and c, being go? diſtant from them, is 

the pole of the arc ac. (1900 

And for the fame reaſon, D is the pole of CB, F 
and F Of AB. 

Let the ſides of the triangle ABC be produced to meet the ſides of the 
triangle DEF in G and H, 1 and L, M and N, 

Then FI = DL = 90*: Therefore (DL -+ FI = DL + FL + L1=) 
pr. 11 = 180, - 0h 47 

Therefore Dr and LI are ſupplements to one another. 6 

But LI meaſures the angle ABc, (9) 

Therefore Z. ABC and DF are the ſupplements to one another. 
And in the ſame manner it may be demonſtrated, that the Z BAC and 


rk,  ACB and DE, are the ſupplements of one another. 


Again, ſince Bi=aH=90 degrees; | (19) | 
Therefore (1B + AH=1B +BH + AB=) IH + AB=180 degrees, | 
But IH meaſures the angle F; (9) 
Therefore AB and Cy are the ſupplements of one another. 

And the ſame may be ſhewn of Ac and CE, c and Z b. 


96. THEOREM VI. 


The * of the three ſides of every ſpheric triangle, ABC, is le 1 than a cir- 
cumference, or 360 degrees. 


Dem. Continue the. ſides Ac, AB, till they meet 

in p. 
Then the arcs ACD, ABD, are each 1805. 32) 
But Dc Ds is greater than BC. (92) 
Therefore Ac t AB +DC + DB is greater than 

AC+AB+BC, 
Or the ſemicircles AcD+ ABD is greater than Ac AB BC. 
That i is, 360? is greater than the three ſides of the —_— ABC. 


L2 THEO: 
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97. g THEOREM . , 
The ſum of the three angles of a ſpheric triangle, ABC, is greater than : 

right angles, and leſs than fix 3 or will always fall between 180 and 540 9 

degrees. | „ 1 | þ 


DEM. Since ZA and FE, ZB and FD, z c and 
DE, are ſupplements to one another; (95) 
Therefore the three angles A, B, c, together with 
the three ſides FE, FD, DE, make thrice 1807, or 540". 
Now the ſum of the three ſides FE + FD+DE, is 
leſs than twice 1800. 5 > + 1004 
Therefore the ſum of the three angles a + B+Cc F 
as greater than 180% _ | 
Again, as a ſpheric angle is always leſs than 180; -- Tas}: 
Therefore the fum of any three ſpheric angles is ever leſs than thrice 
180%, or 540 degrees, | | 


98. . „ VEL ſ 
If one fide, as, of a fpheric triangle, anc, be produced, then the outward 

angle, CBD, is either equal to, leſs, or greater than the inward oppoſite ani; 

A, adjacent to that fide ; according as the ſum of the other two ſides,*Ca+c, 

zs equal to, greater, or leſs than 180 degrees, © | 

DEM. Produce Ac, AB, to meet in p. | 

ee as8v=180% 32) 


And ZDS LA. TY 1 8 
Now if ac +cBis equal to 180; then gh. 
ess Zz) ZR. (99) p 


If ac+cs is greater than 189?; then cg is 

greater than CD. | | | . 
And Z2.cBD is leſs than ( DS) CA. >» ip 
If ac+cs is leſs than 1802; then cs is leſs than cp. (04 
And cv is greater than (E D) CA. | 


9. | THEOREM X. 

In right angled ſpheric triangles, the obligue angles and their op oſite fides 
are of the ſame kind : That is, if a leg is lefs or greater than 99”, its oppiſitt 
angle is alſo lejs or greater than oo. | | | 

In the right angled ſpheric triangle ABc, right 
angled at A. | | On 1 

Fr AC is greater than 90 then Z ABC is greater 
than 90. | | | F 

If Ac is leſs than go*; then C asc is leſs than 90. 
Dem. Let the leg ac be leſs, Ap equal, Ac 

greater, than o, and deſcribe the arc Ds. 

Now o being the pole of aB (37). Therefore 
'£. DBA is right. | 5 | 

Conſequently if ac is leſs than Ap, the 2 cpa is leſs than Z DBA. 

But if 4c 1s greater than Ap, the CBA is greater than / DBA, f 

And the ſame may be proved of the leg as and its oppoſite angle. 


- Wo 100. THEO- 
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Is right angled ſpheric triangles, BAC, the hypothenuſe, BC, is leſs than 
99", when the legs, AB, AC, are of a like kind: But the hypothenuſe, it 
greater than 90", when the legs are of different kinds, | 7 


iſt, When the legs As, Ac, are both leſs than go". 

Deu. In BA, Ac, produced, take BD, AF, equal to . 
quadrants; through F and D deſcribe an arc p FN 
meeting BC, produced in KE. po | Ih 
Now F being the pole of BD (19). Therefore B 

is the pole of ED. | > ; 
Conſequently Bc is leſs than (BE) o. 
zd. When the legs AB, Ac, are both greater 

than 90. | 5 | | 
Produce Ac, AB, till they meet in p. = 
Now the hypothenuſe cs is common to both the 
right angled triangles BAC and po. „ 
And the legs DC, DB, being both leſs than 9go?. 
Therefore the hypothenuſe Bc is leſs than g9? N 
by the firſt caſe of this Theorem, pf 


3d, When the legs AB, AC, are one greater, the 
ctaer le(s than 90. | 


In Ag, and Ac produced, take Bp, AF, each of 0 
co®, and deſcribe the are FED. - 5 E. 3 

Then ; 1s the pole of FD; and ſince y is the pole =; 8 
of Ba, and FD is at right angles to By. There- A - 


fore BE=90?, (37) 3 
Conſequently BC is greater than go degrees. | 


101. CoRol. I. The hypothenuſe is leſs or greater than 99?, accord 
ing as the oblique angles are of a like or different kinds. 
For if legs are like or unlike, the angles are like or unlike. (99) 
And if legs are like or unlike, the hypoth. is acute or obtuſe, (100) 
Therefore if the angles are like, the hypothenuſe is acute, or leſs than 
90; but if unlike, the hypothenuſe is obtuſe, or greater than 900. 


102. Coor. II. The legs and their adjacent angles are like or un- 
like, as the hypothenuſe is leſs or greater than go degrees. 85 

Fg or like legs or like angles, make the hypothenuſe acute (by 1ſt and 
2d of 100). 5 „„ | 

And unlike legs or unlike angles, make the hypothenuſe obtuſe (by 
zd of 100 and by 101). | ; | 


103. Conor, III. A leg and its oppoſite angle are both acute or both 
obtuſe, according as-the hypothenuſe and other leg are like or unlike. 
This is evident from the three caſes of this Theorem. I” 


— 


Iog. ate IV. Either angle is acute ar obtuſe, as the hypothenuſe 


and the other angle are like or unlike, ** | 
This fallows/from caſe iſt and 2d of this Theorem. 
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105. THEOREM XL For: 


In every ſpheric triangle, apc, if the angles adjacent to either ſide, an, |, 
alike, then a perpendicular, CD, drawn to that ſide from the other angle, wilt 
fall within the triangle: But the perperdicular cp falls without the triangle, 
when the angles adjacent to the fide AB it falls on are unlike, 
DEemonsT. Since in all right angled triangles, 

the perpendicular and its oppoſite angle are of the 

ſame kind. „ | (99) 

Therefore the Zs CAD, CBD, are each like co. 

Now in Fig. 1. the angles cap, cBD, or CAB, 
CBA, are angles adjacent to the baſe AB within 
the triangle, and are therefore alike. 

Therefore the perpendicular falling between A 
-and B, falls within the triangle. n 

In Fig. 2. the angles cap and cas are the ſup- 
plements of each other, and are therefore unlike, 
as CA fails obliquely on AB. | . 

Therefore A CAB is unlike to ZBA. 

Conſequently the perpendicular cp cannot fall 
between A and B: Therefore it muſt fall without. 


106. REF Kh - | 
the two leſſer ſides, CA, CB, of a ſpheric triangle, ABC, are of the ſame 
kind; then an arc, CD, drawn from their included angle, ACB, perpendicular 
to the oppoſite fide, AB, will fall within the triangle. 8 
Demonsr. In AB take AF Ac; draw CF 2 
and AH at right angles to oc. 
Then HH (91) are each leſs than 90. (93) 
Alſo take BE=BcC; draw CE and 6 at right 
angles to CE. N | FE: 
Then c RE (91) are each leſs than 90. (93) | 
Nov in the right angled triangles FHA, EGB; if the hypothenuſe Ar. 
(Sac), and BE (Sc), are acute, of like FH and E; 
Then the angles AFH and BEG are acute, and like ac and Bc; (103) 
Therefore the perpendicular cp falls on EF, within the triangle. (105) 
Alſo if the hypothenuſes AF and BE are obtuſe, or unlike to FH and GE ; 
Then the angles FH and BEG are obtuſe, and alſo like cA and CB, (103) 


Conſequently the perpendicular will fall on xe. (105) 
Tuerefore in either caſe the perpendicular falls within the triangle. 
„ THEOREM XIII. 8 


In all risht angled ſpberic triangles, | 5 
As fine hypoth. : Rad : : ſine of a leg: ſine M its oppoſite angle. 
108. And fine a leg: Rad. : : tan, other leg: tan. of its oppoſite angle. Pl. J. 
DEMONST. Let EDAFG repreſent the eighth part of a ſphere, where 
the quadrantal planes EDFG, EDRC, are both perpendicular to the qua- 
drantal plane ADEB ; and the quadrantal plane ADGC is perpendicular to 
the quadrantal plane EDFG : and the ſpheric triangle ABC is right angled 
at B, where CA is the hypothenuſe, and BA, Bc, are the legs. 

To the arcs GF, CB, draw the tangents HF, ok, and the ſines GM, C1, 
on the radii DF, DB; alſo draw BL, the fine of the are AB, and ck, the 
ſine of Ac; then join IK and ol. 4 | 1 a 

[= | | OY 
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Now Hr, 0B, GM, ol, are all perpendicular to the high Abr. 

And HD, CK, OL, tie all in the ſame plane ADGc. 

Alſo FD, IK, BL, lie all in the ſame plane ADB. 

Therefore the right angled triangles HD, cis, oBL, having the equal 
angles HDF, CKI, OLB, 8 199) are ſimilar. | IE 2307) 

Therefore . „ CI - GM. 

That is, As ſin. hyp. | : Rad. :: fin. of aleg a opp. angle. 

For cM is the fine of the arc or, n meaſures the angle CAB. ( 9) 


Alſo, "As in ; 273 8 8 
That is, As fin. of a leg. : Rad. : : tan. of other leg: tan. opp. angle, 
109. © FE O R E M XIV. 


In richt angled ſpheric triangles, anc, if about the oblique angles, A, c, 
as poles, at 99* diſtance, there be deſcribed arcs, DE, FE, cutting one ancther 
in E; and the fides-AB, Ac, BC, of the triangle be produced to cut theſe arcs 
in D; G, F; E, 1; there will be conflituted two other triangies, CGH, HIE, 
the parts of which are either equal to, or are the complements of, the parts 
of the given triangle, anc. Pl. I. | 
DemoNsT. Now fince A is the pole of ED (19), Therefore AD, AG, 


are at right angles to ED; and ſo is ED to AD. 5 (37) 
And fince BI and De are at right angles to Ap, their interſection H is 
the pole of Ap (36). Therefore RB, HD are quadrants _ = T0] 


Then in the triangle co, right angled at G. 

co =complement of Ac. EE 

HG=comp. E A; For H is the comp, of Gd, which mea. 2. 9} 
| HC the hypoth. is the comp. os CB. 

The HCG g £ ACB. « (26) 
The CH comp. AB: For 8D, the comp. of AB, meaſures Z CHG. 

' Alſo in the triangle EIH, right angled at 1: Becauſe cr, ci, are at 
right angles to EF; and EF, EG, being alſo at right angles to Ar; therefore 
bis the pole of AF; (36) conſequently EF and EG are quadrants. EFF 

Then the hypoth. EH = EA; For GH comp. of ERH and GD; and 
6D meaſures the angle a. . | 

HIZCB; for Hc comp. of HI and CB. | 
Eg comp. c; For g1=comp..of IE, which meaſures c. 

The IH comp. AB; For 8p, the comp. of aB, meaſures ZH, 

The ZI P or G, the meaſure of EE, is * to Lac. 


110, = TT HE OEM XV. 
* every ſpheric triangle, it will be, 

As the: ay e of either angle, is to the ſine of its oppoſite ſide; 

So is the fine of another angle, to the ſine of its oppeſi te ſides 
Let aBc be a-ſpheric triangle, where BD is 


7 perpendicular to Ac produced ; forming the two 

: right angled triangles ADB, CDB, 

5 Dru. Now fin. AB: rad. : : fin. BD: fin. £ A. (107) 

4 And ſin. BC: rad. : . BD: fin. Cc. 

1 Therefore fin. AB x ſit. CA rad. x ſin. BD . 

7 And fin. Bc ſin. /.c=rad. x fin. BD. 

1 Therefore fin, AB x fin. 4 A=lin. BC x fin. A (JI. 46) 

1 Therefore ſin. CA: lin, RC-: 3 fin, C: ſin. AB, + 3h 67 
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f the Solution of right angled ſpheric Triangle, 


In every caſe of right angled ſpheric triangles, three things beſide the 
Aer enter the proportion, of which two are given, and the third is 
ſought. r WL 


5 


Now the ſolution of every caſe will be obtained by the application of 


the two following rules to Theorem XIII. and XIV. (107, 108, 109.) 


111. RULE I. If of the three things concerned, or their complements, 
two are oppoſite to one another, and the third is oppoſite to the right 
angle, in one of the triangles marked 1, 2, 3, in the fig. to Theo. XIV. 
Pl. 1. Then the thing ſought will be found by the firſt proportion (107) 
either directly, or by inverſion. SE DE | 


112. Rute IT. If of the three things concerned, or their comple- 
ments, two are ſides, and the third is an oblique angle, in either of the 
three triangles marked 1, 2, 3, in fig. to Theo. XIV. Pl. I. Then the 
thing ſought will be found by the ſecond proportion (108) either direQ, 
or by inverſion, | = = | 


113. PROBLEM I. 


In the right angled ſpheric triangle ABc, Plate I. Theorem XIV. 


Given the hypothenuſe ac 1 
and one of the legs AB Required the reſt. 


1ſt. To find the angle AcB oppoſite the given leg AB. 


3 


Here the things concerned are Ac, B, AB, c; which are found in 


the triangle, N? 1, to be oppoſite ; and fo fall under Rule I. (111) 
rad. ; : fin. AB: fin. 4 Acn. (107) 


Or ſin. hyp. : rad. : : fin. g. leg: fin. op. . Like the g. leg. (99) 


2d. To find the angle CAB adjacent to the given leg AB. 
Here tie things concerned are AC, B, AB, Z As 
Now trying in the triangle, Ne 1, I find the things concerned will 

fall under neither of the Rules. x 
But t;ying in the triangle, Ne 2, the things concerned, or their com- 

plements, fall under Rule II. | | (4112) 
Then fin. HG : rad, : : tan. GC : tan. ZcHG. (108) 
Or co-ſ. /.CAB : rad. : : co- t. Ac: co- t. AB. | | 
Or co-ſ. AB: co- t. Ac: : (rad. : co-t. AB): : tan. AB: rad. (III. 36) 
Therefore rad. : co-t. hyp. : : tan. g. leg.: co-f. adj. angle. (II. 145) 


Like or unlike the given leg; as the hyp. is acute or obtuſe, (102) 


3d. To find the other leg. Be. 

Here the things concerned are Ac, Z B, AB, BC; which in the triangle, 
No 1, do not fall under either Rule: But in N* 2 they will be found to 
fall under the firſt Rule. | „ (161) 
Then fin. HE : rad. : : fin. cs : fin. ch. (107) 

ei: rad. :: co-f. ac 1 eo-f. AB. | 

Therefore co-ſ. g. leg, AB, : rad.:: : co-f. hyp. ac, : co-f, req. leg CB. 


And is acute, if hyp. and given leg are like; but obtuſe, if unlike. (103) 
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„ PROBLEM U. 
In the right angled ſpheric triangle apc, Pl. I. Thees XIV. 


. Given the hypothenuſe Ac : 
And one of the oblique angles 4 Require d the reſt, 


is iſt. To find the leg CB oppoſite to the given angle a. | 

. In the triangle, N? x. the things concerned fall under Rule I. 1111) 
Then rad. lin. Ac: : ſin. CcAB: fin. cg. (4107) 
Or rad. : fin, hyp.” : : ſin. given angle : fin, opß. ſide. 

And is like the given angle. 5 | (99) 


2d. To find the leg AB adiacent to the given angle A. | 
In the triangle, Ne 2. the things concerned fall under Rule U. (112) 


Then ſin. HG : rad, :: tan. Ceo: tan. Lene. | (108) 
Or co-ſ. BAC: ory : (co-t. Ac : co-t. AB: ) tan. AB: tan. Ac. 
3 (LIL. 37) 


Therefore rad. | : tan. AE <3 cou-ſ. BAC: wk AB. 
Or rad. : tan. hyp. : : co-ſ. given angle : tan, adjacent leg. 
And is acute, if hyp. and given angle are alike ; but obtuſe if unlike, (104) 


zd. To find the other angle ACB, 
* triangle, Ne 2, the things concerned fall under Rule l. « 112) 


hen fin, CG : rad. : : tan. GH. : tan. Z HCG. (105) 
Or co-f. Ac: rad. : cost. LBAC : tan. BCA : :) co-t. Z;BCA, : tan. 
LBAC, (III. 37) 
Therefore rad, : tan. /.BAC :: co- ſ. Ac: co-t. BCA. (II. 145) 
Or rad. : co-ſ. hyp. : : tan. given angle : co-t. req, angle. 
And is acute, if hyp. and given angle are alike; but obtuſe, if unlike. 
10 
115. PRO B L E M III. : (1949 


In the right angled ſpheric triangle 'aBc, Plate I, Theorem XIV. 


Given one of the legs AB 
And its oppoſite Ki, 5 ACB Powe the reſt 
1ſt. To find the hypothenuſs AC. 
In the triangle, Ne f. the things concerned fall under Rule I. (111) 
Then ſin. L Ach: ſin. AB : : rad. ; fin. AC. | (107) 
Or fin. given angle: fin. given leg : : rad, : fin. hyp. 
And is either acute or obtuſe, | 


2d. To find the other leg ox. | | 
In the triangle, No 1. the things 3 fall under Rule IL (112} 
Then fin, cs; (rad. ::)tan. AB (: tan. LACB)::co-t. C Ach: rad. (III. 36) 
Or rad, : co-t. given angle : ; tan, n * ſin. req. leg. | 

And is either acute or obtuſe, 


3d. To find the other angle CAB. 5 

In the triangle, N? 3. the things concerned fall under Rule I. (111) 

Then ſin. EH; rad, : : fin. EI: fin. Z IRE. | (107) 

Or fin, 4 Bac : rad, :: co-f. Ach: co-ſ. AB. 5 | 

Or co. . given leg: co-ſ. given angle : : rad. : fin, required angle. 
And is either acute or obtuſe. 


And is aeutey if the given 25 an 


117. ä PROBLEM v. 
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116. PROBLEM IV. 
In the right angled ſpheric triangle ABe, Plate I. Theorem XIV. 


Given one of the legs AB 
: And its — angle BAC . Required the reſt, 


| rf. 75 find the other angle e 4. 

In the triangle Ns 3. the things i fal under Rule . 115 

| Then rad. : ſin, EH 2 ſin. . EHI . fin. EI. : bn 
Or rad. : fin. LRAc :: ce-f. KB : cb- ſ. £ acp 
Therefore rad: co-f. given leg: : fin. given angle ; o-. req. angle. 


And is like the given leg. | ; (99) 


Lad. To 41. the other leg Bc. 


In the triangle, Ne x, the things concerned fall ak Rate II. (112) 


Then fin, AB: rad. : : tan. Bc : tan. CAB. (108): 
Or rad. : fin. AB: : tan. L e AB.: tan. 8c. 15 
Therefore rad. : ſin. given leg : : tan. given —_ tan. req. leg. 


N And is like the * angle. | 15 09 


23d. To find the bypothenuſe Ac. 8 - 
In the triangle, N* 2. the 2 Ginge concerned fall a Rule U. (un 
Then fin. GH : rad. : : tan. CG : tan. HERS, 7. (108) 
Orco-C. ACap: rad. : : co-t. Ac: cot. as. Y 
Therefore rad. : co-f. given a oof. : co-t. given leg: cor t. h otlienuſe 
angle are alike ; ; but obtuſe, if unlike, 


(102] 


In the right angled ſpheric triangle ABC, Plate I. REN XIV. N 

Given both the legs AB, BC | | F 
Required the reſt. 06 „ 

Iſt. To find either of the oblique angles, as BAC. e eee 
In the triangle, N* 1. the things concerned fall under Rule II. (112) 
Then, as fin. AB : rad, : : tam fc: tan. B Ac. 108) 
Or rad. fin. AB: : (tan. ABAC: tan. BC : :) co-t. BC : co-t. EM 
| ITE. 37 

Therefore rad. : ſin. one leg : : co-t. oth, leg! co t. pp. ag 
And is like its oppoſite _ Sy (99) 


2d. To find the by pothenuſe Ac. 


In the triangle, No 2. the things concerned fall under Rule I, = ) | 


Then, As rad. : fin. nac: : fin, ch: fin, co. (07 
Or rad, : co-ſ. Bc : : co-ſ. AB : co-f. Ac. 
Therefore rad. : co-f. one leg: : co-f. oth, leg: co-. Webel 
And is acute, if the legs are alike; but obtuſe, if unlike. (100 
118. P RO- 
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In the right angled ſpherical triangle ABc, Plate I. Theorem XIV, 
Given both the angles Bac, BCA, 4 
Required the reſt. | ; 


iſt, To find either of the legs, as BC, 
In the triangle, N* 2 or 3, the things concerned fall under Rule I. (111) 
Then, rad. : ſin. HC: : fin. HCG: fin, HG. - 109) 
Or Tad. > coe Be © : fin. ACRES col, £ BAC: | 
Therefore fine of one angle: rad. : : co-f. oth. angle: co- ſ. oppoſite ſide. 
And is like its oppoſite angle. Eo >. 
2d. To find the hypothenuſe AC. | 5 
In the triangle, N* 2. the things concerned fall under. Rule II. (112) 
Then, As lin. CG : rad. : : tan. GH: tan. CHC. (108) 
Or co- Ac: (rad. ::) co-t. C BAC (: tan. C A): : Cont. RCA: cad. 
Therefore rad. : co-t. one angle : : co- t. oth. angle: co- ſ. hypothenuſe. 
And is cute, if the angles are like. (101 
But obtuſe, if unlike. l | | 0g; 
In theſe fix Problems are contained ſixteen proportions, which are ap- 
plicable to the like number of caſes uſually given to right angled ſpheric 
triangles ; and theſe proportions being collected and diſpoſed in a Table, 
will readily ſhew, by inſpection, how any of the caſes are to be ſolved. 
The celebrated Lord NEPIER, the inventor of logarithms, contrived a a 
general rule, eaſy to be remembered, by which the ſolution of every caſe 
jn right angled ſpheric triangles is readily obtained, where the Table of 
proportions is wanting; which rule is as follows. of 


| GENERAL RULE. | "I 
119. Radius multiplied by the fine of the middle part, is either equal to the 
product of the tangents of extremes conjunct. | | Fo 
Or to the product of the co-ſines of extremes disjund, 
Obſerving ever to uſe the complements of the hypoth. and angles. 


Lord Nepier called the five parts of every right angled ſpheric triangle, 
omitting the right angle, circular parts; which he thus diſtinguiſhed ; 
the two legs, the complements of the two angles, and the complement of the 
bypothenuſe ; and any two of theſe circular parts being given, the others are 
to be found by this rule, as is ſhewn in what follows. 

Now, In all the proportions about right angled ſpheric triangles, there 
ire, beſides the radius, three things concerned ; one of which may be 
called the middle term in reſpe& of the other two; and theſe two, in 
reſpect of the middle term, may be called extremes. : 

When the two extremes are joined to the middle, they are called ex- 
tremes conjun& : But when each of them is disjoined from the middle, by 
an intermediate term (not concerned), they are then called extremes diſ- 
Jundl; taking notice that the right angle does not disjoin the legs. 

If the three parts under conſideration do all join, the middle one of 
toſe three is readily ſeen, and the other two are extremes conjunct. 

But if only two of the three parts are joined, thoſe two are extremes 
digunct, and the other term is the middle part. | * 4 
eſe 
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Theſe things duly obſerved, the practice of the Rule will appear in the. 
following examples... | 15 54 


EXAMPLE I. When the hypothenuſe and the angles are concerned. 


The hypoth. is the middle term, and the two angles are extremes con. 
junct; then by the rule. 5 5 „ 

Rad. x fin, hyp. tan. one angle x tan. other angle. | 

Bi:t the comp. of the hypoth. and angles are always to be uſed. 
Therefore rad. x co-f. hyp. =co-t. one angle x co-t. other angle. 
Hence rad. : co-t. one angle : : co-t. other angle: co-ſ. hypoth, (II. 163) | 
From whence are deduced the 6th and 15th caſes. 8 


Ex AM. II. 1 hen the hypot benuſe and legs are under conſideration, 


The hypothenuſe is the middle term, and the two legs are extremes 
disjunct, having the angles between them and the hypothenuſe. 

Then by the rule. Rad. X ſin. hyp. =ro-f. one leg x co-gſ. other leg. 
But the complement of the hypothenuſe is to be uſed. 95 
Therefore rad. x co· ſ. hypoth. = co- ſ. one leg x co- ſ. other leg. 
Hence rad.: co-f. one leg :: co- ſ. other leg: co- ſ. hypoth. (II. 163) 

From whence are deduced the 3d and 13th caſes. „ 


ExAM. III. The legs and an angle under conſideration, 


Here the angle and its oppoſite leg are extremes conjunct; and the 
other leg is the middle par. | : 

And theſe being reſolved into a proportion by the rule, will produce 
the 8th, 11th, ard 14th caſees. . . | | 


Exam, IV. The angles and a leg under conſideration. 


Here one angle is the middle, and the other angle and leg are extremes 
disjunct, the hypothenuſe and other leg intervening. | 

Now theſe being reſolved into a proportion, give the qth, 12th, and 
16th caſes. . N 


Exam. V. The hypathenuſe, a leg, and the angle between them, being 


under conſideration. 


Here the angle is the middle term, and the hypothenuſe and leg ad 


extremes conjunt. | | | 
And theſe being reſolved into a proportion, will give the 2d, 4th, and 
10th caſes. „„ | 


Exam, VI, The hypothenuſe, a leg, and its oppoſite angle, being unde 
coꝝ ſideration. | | 


Here 2 is the middle term, and the bypothenuſe and angle are ex- 
tremes disjun 
the middle. 


And theſe being converted into a proportion, from thence the 1ſt, 5th, 


SECTION 


» the other leg and other angle falling between them and 


and 7th caſes are deduced, | 


Bc 


Ns 


As lin, Bc: fin. CAB:: ſin. Ac: fin. CA (110) A 
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07 the 5 olution of eblique angled ſpheric 
3 Triangles. 


120. All the caſes in oblique angled ſpheric triangles, except where the 
three ſides, or the three angles, are given, are moſt conveniently reſolved 
by drawing a perpendicular from one of the angles to its oppoſite fide, 
continued if neceſſary; which perpendicular will either divide the given 
triangle into two right angled triangles, or make two that are right 
angled, by joining a right angled one to the given triangle, 

In drawing this perpendicular, obſerve, 5 | 

i, It muſt be 9 from the end of a given ſide, and oppoſite to a 
iven angle. | ET 5 5 
Fa it be ſo drawn, that two of the given things in the oblique 
triangle may remain known in one of the right-angled triangles. 

zu. This perpendicular is to be uſed as a known quantity; and being 
drawn as here direCted, will either fall within or without the triangle, as 
the angles, next the fide on which it falls, are of the ſame or of different 


kinds, ( 105) 
121. PROBLEM -L 

In the oblique angled ſpheric triangle asc. 

Given two ſides.  - CA, CB > 

And the angle opp. to one, C CAB F Requir.the reſt. 2 


it. To find the angle oppoſite to the ather given ſide 
(cpa), | 1 5 


Or, 4s fin. one ide: fin. oppoſite angle : : ſin. other fide : ſin. oppoſite angle, 


Which may be either acute or obtuſe. | | 

2d. To find the angle between the given fides (LAB). 
Now rad. : tan. 2. CAB : : co-ſ. Ac: co-t. (ACD, call it) m. (3d 114) 
Or rad. : tan. given C:: co-f. adj. ſide: co-t. (of a fourth=) m. 


Aud is acute, if AC and L. CAB are alike ; but obtuſe, if unlike, 


But rad, : tan, CD.: : co-t. Ac: co-ſ. (AcD=) m. | (2d 113) | 
rad. : tan. oh: : co-t. CB : co-f, (BCD, call it) n. 
Therefore co-t. AC: co-t. CB : : co- ſ. m: co- ſ. n. (II. 155) 


Or co-t. fide adj. given C: ct, other fide : : co-ſ. m: co- ſ. u. 
And is like the ſide oppeſite the given angle, if that angle is acute. | 
But unlike that ſide, if the given angle is obtuſe. | 3 

8 | „ „um m and n, if L* falls within. 
Then the angle ſought, VIZ. C ACB= L fm and n, if L falls without. 


. 0 v 
* „ 


; 3d. To 
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Za. To find the other fide a 5. 85 
Now rad. co-ſ. C cAB: : tan. Ac: tan. (AD, call it) M. (ad TH 
Or rad. : co-f. given angle : : tan, adj. fide : tan. (of a fourth) M. 
Acute, if the angle and its adj. fide are alike ; but obtuſe, if unlike, 
But co-G ed ;.md. : : co-f, ac'; col (Aang)... 
co-ſ. CD : rad. : : co-f. B: co-ſ. (DB call it) N. (3d 119 
Therefore co-ſ. Ac: co-f. B:: co-f. M.: co-f. N. (II. 155) 12 
Or co- ſ. fide adj. given angle : co-ſ. other ſide:: co-ſ. M.: co-ſ. v. | 
Like the fide oppoſite the given angle, if that angle be acute ; 9 0 
But unlike that ſide, if the angle be obtuſe. | 1 | A 
| „ „ _ $ſum of M and x, if the I. falls within. 
Then the fide ſought AB= diff. of M and N, if th? J. falls without. 
But if Argen, or if CA=180*—Ccs, or if CA is between xc aj 
180— C 3 | 
Then ZB is like Bc only. =o TL 
0 e like „ . Then L acB=m=n only; and az=y 
Ras: 1c is} unlike 4 LN only, ; 
ws PROBLEM I. | 
In the oblique angled ſpheric triangle ABC. ; 
Given two angles CAB, CBA Required, 
And a fide oppoſite one of them ac I the reſt, | 
1ſt, To find the fide oppoſite the other given angle, | 
vi x. CB. 5 % | Ee A a an 
Then, As fin. C CBA : fin. ac : : fin. CAB: fin, cs. (110) | 
Or fin. one angle: fin. oppoſite fide : : fin. other angle: ſin. oppoſite ſult, 7 
M hich may be either acute or obtuſe. | Os 
2d. To find the fide included by the given angles, viz. AB. 
Now rad. : co-l. C AB:: tan. Ac: tan. (AD, call it) Mm. (II. 110 
Or rad.: co- ſ. C adj. given fide : : tan. the given ſide : tan. (of a fourth f 
Like the angle adj. the ſide given, if that fide is acute; but unlike, if obtuſu 
But rad, : tan. CD : : co-t. CCB: fin. (ADS) M. . g 
rad. : tan. :: co-t. C CBD : fin, (DB, call it) v. (2d 119 ( 
Therefore co-t. AB: co-t. CCD: : fin. M: fin, c. (II. 15) 
Or co-t. C adj. given ſide : co-t. other angle : : fin. M: fin. N. | 
Which may be either acute or obtuſe, 124 
| | um of M and x, if the given angles are aii 
OT ge an 1 diff. of M and x, FA the given angles are unit | 
. 3d. To find the other angle, VIZ, L. ACBe | | * | { 
Now rad, : tan, CAD: : co-f, Ac: co-t. (4. AcD, call it) m. (3d 114 I 
Or rad: tan. C. adj. fide given: : co- ſ. of given ſide : co-t. ( of a fourth = Jo / 
Like L adj. fide given, if that fide is acute; but unlike, if obtuſe, ( 
But co-f, : rad, : : co- ſ. C B: fin. (4. acy=)m. pe 1 
co. ſ. CD : rad, : : co- ſ. C ABC: ſin. (4. BCD, call it) n. (3d 11) 7 
Therefore co.-ſ. AB: co- ſ. C ABC : : fin. m. to fin, n. (I. 15 7 
] 


Or co. ſ. C adj. fide given: co-ſ. other angle : : fin, M: ſin, u. 
FLhich may be either acute or obluſe, 4 7 
4 f N Th 


Wax Lv. REI ͤͤͤ Nö 


| „ f /um of m and n, if the given angles are alite. 
Then L. fought ABC Vir Foe and 4 — are unlike, 

10 But if Ac BC, or to 180%—8c, or is between Be and 180 - 3c. 

| Then BC cannot be unlike its oppoſite angle. 

Neither can DB, or the C BCD be obtuſe. 


2; PROBLEM I. | 

. In the oblique angled ſpheric triangle a Bc. A 
Given two ſides Ac. ABY : . < 
And their contained angle BAC | Required the reſt, 


iſt, To find either of the other angles, as LA Bc. A 
As rad. : co-f. C CAB:: tan. Ac: tan. (AD, call it) . (2d 114) 
Or rad. : coef. given C:: tan. fide oppoſite C ſrught : tan.(of a fourth) M. 
Like the ſide oppoſite C ſought, if the given C is acute; 

But unlike that fide, if the given C 15 obtuſe. + EN 
Take the diff, between AB, ſide adj. C ſought, and (Ap g) M; call it x. 


0 Now rad.: co-t. oo: : fin. (Ap g) M: co-t. ARB. (1ſt 117) 
rad, : co-t. CD : : fin, (ÞB=) N: co-t. CAB. | 
ö Therefore fin. N: ſin M:: co-t. C ABC : co-t. CCAB. (II. 155) 
Al | : tan. / CAB : tan. /.CBA., (III. 37) 


Or ſin. N: fin. M:: tan. given C.: tan. C. fought. | 

Lite the given angle, BAC, if M is leſs thali AB, the fide adjacent the 
angle ſought 3; but unlite, if M 1s greater, | 

2d, To find the other fide CB. „ a} „ 

As rad.: co-ſ. C CAB:: tan. Ac: tan, (Ap, call it) VL. (2d 114) 

Or rad.: co-ſ. given C : : tan. either given ſide: tan. (of a fourth =)M. 

Like the fide uſed in this proportion, if the given C is acute; 

But unlike that fide, if the angle is obtuſe, | 


11488 Tate the difference between the other ſide, aB, and (Ab) M; call it w. 
=) Now rad. : co-f. h:: co-f, (AD=) M: co-f, Ac, (2d 117) 
buſt rad; : :. CD 2 : co (DSI N: co-f. cm. 

Therefore co-ſ. M: co- ſ. N:: coef. Ac: co-f, OB. „ age) 
d 115 Or co-ſ. M: co-ſe N:: co-ſ. fide uſed in firſt proportion: co-ſ. fide required. 


Like x, if the given C is acute; but unlike N, if that L 1s obtuſe. 


124, -A$OMLYM Is. 


mou oblique angled ſpheric triangle ABC. 
ziven two angles CAB, CAcB ; 
And their included fide AC | I Required — 


It, To find either of the other ſides, as CB. | _—_ | 

AS rad, : co- ſ. AC : : tan. C cAB : co-t. (C ACD, call it) m. (3d 114) 

Or rad.: co- ſ. given fide: : tan. C oppoſite fide ſought: co-t. (of a fourth=) m. 

Like the angle —_— fide fought, if the given ſide is acute; = 

But unlike that angle, if the given fide be obtuſe. | : 

Take the diff, between 4. ACB, adj. fide ſought, and (L AcD=) m, call it u. 

Then rad, : co-t, o:: co-ſ. (LAeng) m: co-t. Ac. (3d 116) 
rad, : co-t. CD ; : co- ſ. ( ABCD=) n: co-t. CB. 


Therefore 


call it) m. 


E. (Acp g) m, call it n. 


another; and os is perpendicular to HK. | 
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Therefore co- . n.: co- ſ. m : : co-t. c: co-t. Ac. (II, 1 
RS :: tan. Ac: tan. CB. (II. z 
Or co. ſ. n: co-ſ. m.:: tan. given ſide : tan. fide required. 
Like n, if the angle oppoſite the fide ſought be acute; 
But unlike n, if the angle is obtuſe, | 


ad. To find the other angle ac. 
As rad. : c-of. Ac: : tan. C cAB : co-t.( 4 Acp, 
(3d 114) 
Or rad. : co- ſ. given ſ:de : : tan. either given : 
co-t. (of a fourth ) m. NT 
Like L uſed in this proportion, af the given ſide, 


AC, is acute; NY "0. | 
But unlike that , if the given ſide is obtuſe, 
Take the difference between the other , ACB, and A n 


Now rad. : co-f. cÞ : : ſin. (CAcp g) m co-ſ . CAB. (1K 110 
rad. : co-f. CD : : fin. (4 BcD=) : Co-f. / ABC. | 
Therefore ſin. m: ſin. n n:: co-f. / Cas : co-f. / arc. I. 155 
Or ſin. m: ſin. n.: : co-ſ. L. uſed in firſt prop.: co-. C. ſought. | 
Like the L uſed in both proportions, if mis leſs than the other .; 
But unlike, if m is greater than the other angle. | — 
125. | PROBLEM HV. | 
In the oblique angled ſpheric triangle apc. Plate I. Problem V. 
Given the three ſides AB, Bc, Ac; Required the angles. 
To find the angle aBC. | 
Let HBKLM repreſent the quarter of a ſphere, the center of which is o. 
Where the ſemicircular ſections HBK, HLK, are at right angles to one 


"4 


Then, continuing the ſide zc to L, the arc HML meaſures C Arc, 0 
And Hg chord HL, will be the ſine of 4 (arc HMC) 4 agc, 
Draw the radius ogM; and draw LP, Qn, at right angles to HK, 
Then Le=fine, yp verſed fine, of C ABC; and HN NP. (I. 164) 
But as Ho is a right-angled triangle; o being perp. to HL. (II. 125 
Therefore oH: H:: HQ: HN. n 
And oH X H NEN (II. 162) =ſquare of the ſine of 1 C. aBc. 
Make Bo=BE=BC;' and AF=AG=AC. :* © 
Then the ſemicircular plane Dce, which is parallel to HLK (23), wil 
be cut by the ſemicircular plane Foo, drawn at right angles to the plane 
HBK, in the line c (II. 209) at right angles to DE. (II. 210 
And the arc Dc, and its verſed fine D1, are ſimilar to the arc R and 
its verſed fine HP, (29 III. 14) 
Then rad. oH: rad. Ds : : PH: 10=(Exps=)2zxvs, 
= 5 8 OH 
Draw on parallel to FG; then arc aR=(g0*=) arc Bk, and RK 
Therefore C DIF (LC KoR=arc RK=} c AB, 4 
Now ps=(sE =fine arc BE=) ſine are ge. 
And AD=(BD—BA=BC—BA)=diff, ſides about Z. ſought. 
Allo DFI E arc (DO g ACG ADS) YA, the fine of which 
21D. Schol. to art. III. 45. | ER 
And 2 ED={AF—ADZ) ACAD, the ſine of which is £ DF. hd 
3 0 


— 
- 


9 KY . ˙¹ 


* 
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56) Now fin. L DIF: ſin. rr : : (FD 2 :) E FD 2 ID, (Schol. IL. 45). 
; | | g . a 


37 Or fin. Li: fin. CDTI :: f FD 5 X DS. 
Therefore ſin. Z DIF X DS * 7, = ſin. ADFIX FD. (II. 163) 
Therefore ſin, C DIF X DS * 55 oH ſin. C DFI XZFD X OH (II. 156) 
Or fin. L DI Xx DS X HN ſin. C DFIXEFD X ON, (II. 149) 
Theref. fin, C DIF x DS: ſin. C DFI X TFD :: OH: HN. (II. 163) 


— 


| | :: OHXOH : (HN X oH=) H. (II. 155) 
Therefore ſin. C DI * DS: fin. C DFI EFD :: On* : H. b 
Or fin, AB X ſin. sc: ſin. 4 Ac A v ſin. Z Ac- Ab:: Rad*: fin. ARC 

ſin. E 2 „ fin. 1 TA. . 


Tueref. qu. in. C Ae -K x qu. Rad. (II. 164) 


Now ſuppoſing rad. 1, and L. to ſtand for logaritbm. 
Then 21, fin. E L ABC ZL. fin. + ACFAaD+L, fin. ACSAD—L: ſin. AB. 
—L. ſin. BC. _ | | (I. 90, 85, 86) 
And putting / for the arithmetic complement of a logarithm, ER 
| I. fin. ABI. fin. Bc L. fin. ZXEFAD+ L. fin. = 
Then L, fin. 2 L ABC — — — — 


5 5 2 
That is, having determined which angle to find, ; 
Ti the arithmetic complement of log. fin. of one containing fidt, =— _ 
Aid the arithmetic complement of log. fin. of the other containing fide, 
And the log. fon. of the 2 LM of 34d fade and difference of the containing fades, 
Al the log. fin. of the ; difference of 3d fide and diff. of the containing fades, 


is 0, Then the degrees anſwering to half the ſum of theſe four logarithms, found 
0 one among the ſines, being doubled, will give the angle ſought. 


HT. PROBLEM VI. 
In the oblique angled ſpheric triangle aBc. - 


* Given the three angles A, B, c; Requ. the ſides. 
| 16g T1 find the fide a3. - 
ö _ About the given angles as poles, deſcribe arcs of 
, 170 great circles meeting one another, and forming the 
: triangle FDE, | = 5 I 
Then are the ſides of FDE, the ſupplements of the 

) wil angles A, B, C. f 5 
plan Continue FD, FE, thy ſupplements of the angles 8, 
210 A, adjacent to the ſide aB required, till they meet in . 
ax ag Then in the triangle DOE, the ſides GD, GE, are the meaſures of the 
1. 1% angles B and A, adjacent to the ſide ſought. „n 

The ſide DE is the ſupplement of C c oppoſite the fide AB. 

Now LG (= Lr, by 31) is the ſupplement of AB. 
By Therefore the C being found in the triangle DGB by Pros. V. (125) 


will give the ſupplement of the ſide AB required. | | 

That is, Let the given angles be taken as the fides of another triangle, 
ſerving to uſe the ſupplement of that angle oppoſite to the fide required. 
In this new triangle find (by PRoB.-V. ) the angle oppoſite to that ide where 
the ſupplement is uſed, | 5 | 


Then will the ſupplement of thz angle thus found be the fide required. 
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166 | SPHERICS. oo Book 11 


1:  TS£cT1ion wat : 
The Comſtruction and numerical Solution of th 
caſes of right angled ſpberic Triangles, 


156. Exam. I. In the” right-angled ſpheric triangle ABC, 


Given the hypoth. ac=64* 40%] p.. .. | 
" And ond 2 7 To | Required the reſt, | 


| ConsTRUCTIONS, 
1ſt. To put the given leg on the primitive circle, 
Deſcribe the primitive circle, and draw the 
Tight circle an, 5 
Apply the given leg (42? 127) to the primitive 
circle from B to c. 95 | 2 
About c, as a pole, at a diſtance equal to the 
hypothenuſe (64 40”) deſcribe (68) a ſmall circle 
aa, eng the right circle AB in A; and draw the 
right circle cd. | | 
Through c, A, p, deſcribe an oblique circle, 
And ABC is the triangle ſought. | 
2d. To put the required leg on the primitive circle. 
Deſcribe the primitive circle, and draw the right 
circle oB; on which lay the given leg (42 12/) 
from B to C. | js "4 v0] 
About c, as a pole (66), at a diſtance equal to 
the hypothenuſe (64 400) deſcribe a ſmall circle 
cutting the primitive in A; and draw AD. 
Through 4, c, D, deſcribe an oblique circle. — 
RN . | 
Then ABC is the triangle required Whol es and angles are mes: 
ſured by art. 70, 72. | = W 


. ComevTATION. : 
TD find L oppoſe the given leg. (127) To find C. adj. the given leg. (118) 
As fin. hyp. ==64* 40 0,04391|Asrad, '* ==90% oo 10,0000 
To rad. | =90 o lIo,00000| To co-t. hyp. ==b4 40 9,6762 
So fin. gn. leg ==42 12 9,82719 So tan. gn. leg. ==42 12 9,95748 


To fin. op. 4 As 00 9,87110|To co-ſ. adj. 4. =64 35 9.6321 


r — — 


This angle is acute, becauſe it is to be This angle is acute, becauſe the hyp, 
like the given leg, which is acute. | and given leg are of like kinds. 

To find the other leg. (129) BEES 6 | 

As co-ſ. gn. leg —42? 10 0, 13030 

To rad. =29g0 OO 10,00000 | Ro | 

So co-ſ. hyp. ==64 40 963133 (This leg is acute, becauſe the byp. 

| —— [and given leg are of like kinds. 
To co-f, req. leg =54 43 976163 . . N 


Norx, In theſe operations, and in all the following ones, although tht 
word co-ſine, or co-tangent, is uſed in the proportions, yet the degret 
and minutes ſet down, are not the complements, but the real ſides or an les 


- 


; 157. Xo 
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157. EXAMPLE II. In the right-angled ſpheric triangle ABC, 


Given the hypoth.ac = 64" 40/ 
And one angle AcB = 64 35 * the reſt. 


5 ConsTRUCTIONS. 
. iſt, To * the leg adjacent to the given angle on the i circle. 


E hrough any point e, in the primitive circle, 
deſcribe (75) the oblique circle Ap, making with 
the primitive circle the angle BCA, equal to the 
given angle 64" 35”. 

In the oblique circle can, take A equal to the 
given hypothenuſe 64* 40/. (70) 

Through a deſcribe the right ciicle AB, 

And CAB is the triangle required. 


2d. To put the leg oppo te the given angle on the primitive circle. 


Having deſcribed the primitive circle, and i 
drawn the right circle g; 3 
Deſcribe (80) an oblique circle ACD, cutting EF 

the right circle oB in C, with the given angle 

64* 35 and having the part AC intercepted be- 

tween the right circle og and the primitive 

circle, 2 4e the 5 2 64 

* 

: Then Axe is the triangle required. 
The ſides required are meaſured by art. 70. 
And the required angle by art. 72, 


 ComMPpUTATION. 
7s fund the og opp. th giv, £ (130) | To find the leg adj. the giv. £ (130) 


s rad. =90? 00 10,00000;A Yo oo 10,0c000 
To ſin. hyp. =64 40 9 95609 To un tan. byp. =64 49 10,32476 
80 fin. given . =04 35 9295579490 co-l. given 4. =64 35 9,63266 
To fin. op. leg =54 43 9-91188|To tan, adj. leg. =42 12 9.95742 


ů———— 
„ 


Acute, as the hypothenuſe and given 
| angle are of like kind, | 


Like the given angle. 


To find the other angle. (1 32) 
% (( ==90? o/ 10,00 
To co-ſ. hyp. — =64 40 963133 
So tan. given . 35 10, 32313 


bo: co- t. required angle =48 oo 9595446 


And is acute, as che hypothenuſe and * angle are of like kind. 
| M 4 158, Ex- 


168 nene Bock NM. i 3 
158. EXAMPLE III. Ja the right angled uberic triangle Abe. | 


Given one leg 1 
And its opp. angle CAB = 48 oo FRequire the reſt. * 


| CONSTRUCTIONS 
1ſt. To put the Pequired leg on the primitive circle, 


Defcribe an oblique circle ACD (75), making 
with the primitive circle the angle Cas, equal to 


the given angle 48? OO. 
About the center © of the primitive circle de- 
fcribe. (67) a ſmall circle at the diſtance of the 
complement of the given leg 42* 127 cutting ACD % 
in c. 
4 


Draw the right circle ock, and ACE is the tri- 
angle ſought. 


2d. To put the given leg on the primitive circle. 


Draw the right circle oAR, and another ok at 
right angles. 

Make Bc equal to the given leg 47 127; draw 
the diameter CD, and another op at right angles. 

About E, the pole af AB, deſcribe a ſmall circle 
(68), at the diſtance of the given angle, 48 oo', 
cutting OP in p. 
About r, as a pole (62), deſcribe the oblique 
circle CAD, cutting AB in A. Then CBA is the 
triangle required. 

The ſides are meaſured by art. 70, and the angles by art. 72. 


COMPUTATION. | | 


To fd the hypothenuſe. (133) | To find the other leg. (134) | 
As fin. giv. . =48? oO o, 12893 As rad. =90? oo! 10,00000 
To fin. giv. leg =42 12 9.82719 To co-t. giv. 4. =48 o 995444 | 
So. rad. ==90 00 2 o, ooo So tan. giv. leg 242 12 9,95 748 


To fin. hyp. 64 401 9.956120 To fin. req. leg =54 44 9.9119 


And is either acute or obtuſe. And is either acute or obtuſe, 


To find the other angle, (1 1 


As co-. given leg . 0, 13030 
To co-f. given 2. — = 48 00 9582351 
Sorad, —  _— = 90 o 10, 00000 


To fin. required F — 5 | 
And is either acute or obtuſe. + * 2 955 


II.  S SHEATEK 4 
9. EXAMPLE IV. In the right angled ſpheric teinngle 6 ABC. 


G ven a leg | AB=54® 43 
And its s ad). = CAB=4g8 00 I Required the reſt. 


| Cons TRUCTIONS. 
iſt, To put the given leg on the primitive circle. 
— deſcribed the primitive, and right circle 


Make BA equal to the given leg 54 43 

Draw the diameter Ap. 

Through A deſcribe the oblique « circle\acd (75) 
making with the primitive. the given angle BA 
48? oO, cutting 0B in c. 

Then is Ack the triangle required. 


2d, To put the required leg on the primitive, 


In the right circle os, take (71) AB, equal 
to the given leg 54* 43“ f 
Through the point A, deſcribe (76) the ob- 
lique circle CAD, making with As the angle : . 
zac, equal to the given angle 48" oO eu 1 2 
the primitive circle in c. Wome 
Then is ABC the triangle ſought. | 
Tze ſides required are meaſured by art. 70, 
And the nn angle by art. 72. 


Co Mr UTAT TO. 5 
To * the ether angle, (36) To find the other leg. . (137) 


As rad. ==90? oo' ——_— rad. ==90? oo' 10,00000 


| To co-ſ. giv. leg==54 43 9,76 164 To fin. giv. leg 254 43 9.91188 _ 
34) So fin, given . ==48 o 9,87 107 xs tan. giv. 4 ==48 00 10,04556 
000 | 


To co ſ. req. 2 4 35 9.63271 'To tan. N leg =42 12 9,9574 


And is like the . angle. 3 And i is like the given leg. 


To find the hypothenuſe. (138). 


As rad. {| _ = 90? OO 10,00000 
To co-ſ. given L. — = 48 oo 9,8 2551 
So co- t. given leg — == 54 43 9,84979 


— — — — 


To co-t. hypotb. — == 64 40 : 9.67530 » 


And is acute, as the given leg and angle are of a like kind, 


Then i is ABC the triangle required. 
The angles A and c may be meaſured by art, 72, 
And the ——_—_ AC by art. 70. 


SPHERICS. 


deres i 


To put either leg on the primitive circle, 


Deſcribe the primitive circle, and draw the 
right circle 0B. 

Then, let the given legs 54 43, and 42% 12, 
be applied, on2 from B to A, and the other from B 
to c (74); and draw the diameter AD. 
Through the points Az e, Dy deſcribe an oblique 


(II. 7 


Comrdrarion. 


To find the angle A. (1 39) 


As radius — = 90 oo' 10,00000 
To ſin. of leg AB == 54 43 _. 9,91185 
So co-t, other leg 3a =. 42 12 10,04251 
To co- t. op. angle A = 48 ©o 2285 9.95436 


And is acute, as che oppoſite leg cs is acute. 


___—__ the angle c. (139) 


As radius *** go? oo 10, ooooo 
To fin, of leg n == 42 12 982719 
So co-t. other leg AB == 54 43 984979 


oe Co-t. OP. angle ea 64 35 | 9.67698 


— 


And i is acute, becauſe the oppoſite leg aB is acute. | 


To find the n ac. (140) 


As radius _ = 90 O 10,00000 
To co-f. either leg aB == 54 43 9,76164 
So co- ſ. other leg cB == 42 12 9,8697 


To co- . hypoth. ac = 64 40 9.63134 


And is acute, as the legs are of the ſame kind, 


Book Iy 


160. Abs v. In the right angled ſpheric triangle ABC, . 
Given one leg BA 54 43 
And the other leg 1 J Required the reſt. 


. 161. Ex- 


Book IV.  SPHERICS Ta. 


161. EXAMPLE VI. * the right aka) ſpheric triangle ABC, : 
Given one angle A=48* oo 


And the other angle C=64 35 I the reſt. 


5 Cons TRUST TO x. 1 
Jo put either leg, as eB, on the primitive circle, | a 


Having deſcribed the primitive circle, and 
drawn the right circle oB; 

Then (81) deſcribe the oblique great circle 
can, cuttin oy the primitive circle in the given 
angle C, and the right circle op in the given 
an le As ; | | 
The hdes are to be b by art. 70. g 


Courur Arlon. 
To find the leg cB. (141) 
As fin. E. adj. req. leg © = 64" 3, 0,04421 


To radius — == 90 OO 10,00000 
So co-l. other angle a == 48 oo 9,82551 
To Way” of 1 its op. leg CB == 42 15 —— 9.86972 


— a—_—_—_d 


And j is acute, becauſe the oppoſite angle is acute. 
Gs To find the leg AB. (141) 


As fin. E. adj. req. leg a = 48? O o0,12893 
To radius — | = 90 oo 10,00000 
So co- ſ. other angle C- = 06 15: -. em 


To co-ſ. of its op. leg aB = 54 43 | | 9976159 
And is acute, becauſe the oppole L 1s acute. 


— - — 4 _— * wo * 
— 2 44 — 25 
. 
- —— 999) ICE IPA : a 2” 


25 find the hypothenuſe ac. (142) 


As radius — 8 90%. os 10, ooo00 a 
To co-t. either angle as a = 48 oo 9,95444 
| So co-t. other angle $8. ©. == Gs. 28 9,67687 | 


| To co-ſ. hypoth. Ac = 64 40 9,6313 


And is acute, becauſe the angles are both acute, or like. 


162. Ex. 


172 > SPHERTCS: Bock IV. 

162. EXAMPLE VII. In the quadrantal triangle Abc. | Fes 

Given the quadrantal fide ac = 90? o 
nne A = 42 12 þRequre the reſt, 

And the oppoſite angle B = 64 40 „ 


|  ConsTRUCTION. 
To put the quadrantal fide on the primitive circle. 


Having deſcribed the primitive circle, and A 
drawn the diameters Ap, One, at right angles 

Defcribe the oblique circle ABD, making with _ 
AC an angle of 42 127. 5 1 

Through c deſcribe a great circle cBx, cut- 

ting the circle ABD in an C of 64 4&. (74) 

Then is ABC the triangle ſought. _ 

The angle C is to be meaſured by art. 72, 

And the ſides AB, CB, are meaſured by art, 70, 


ComPUTATION. 
E, 2 


Imagine the given triangle apc to be changed into a right angled 
triangle, where the ſupplement of the angle B; is to repreſent” the hypothe- 
nuſe, and the angle A to be one of the legs. 3 | 
Then will the ſolution fall under art. 127, 128, 129, in the table ; and 
the numerical computations will be the ſame as in Example I. Obſerving 
that the angles there found are, in this example, the meaſures of the ſides 
AB, CB; and the fide AB in that example ſtands for the angle c in this. 
Now in determining the value of the parts of this ti jangle, as they 
ariſe in the computation, the words like and unlike are to be changed one 


for the other, where the hypothenuſe is concerned in the determination: 


Thus the leg AB is taken acute, becauſe the ſupplement of the angle 
oppoſite to the quadrantal fide, which is here uſed as the hypothenule, 
is unlike the other given angle; and its oppoſite angle c is to be acute 
for the ſame reaſon : But the kind of the fide pc being known by the 
kind of its oppoſite angle a, it muſt be taken acute, as the oppoſite angle 
3S acute. . 95 

. conſtruction there ariſes two triangles, either of which will an- 
ſwer the conditions in the example: For the ſmall circle deſcribed about 
P, the pole of the oblique circle.aBD, cuts the diameter Ap in the points, 
a, b; and either of theſe points may be taken for the pole of the oblique 
circle wanting to complete the triangle. | = 


Now if @ be taken for the pole, then in the triangle agc, the meaſure | 
of the things ſought, will be equal to thoſe arifing from the computation: 


But the angle B is the ſupplement of what was given. 
And if h is taken for the pole; then the triangle ABo will ariſe from 
the conſtruction; wherein the angles A and B are reſpectively equal to 


| what is propounded : But then the fide AB, and the angle c, will bo 


be obtuſe, 


* 


SECTION 


f 


7 


V. 


diameter 55 2. 


4 


ook IV w SPHRERE C8; = 74 


SECTION IX. = 
The Conſtructiůon and numerical Solution of the 
caſes of oblique angled ſpheric Triangles. 
163. EXAMPLE I. In the oblique angled ſpheric triangle apc. 
Given the fide . ah = nu" 200} 
he un + | BC 56 40 
And an angle oppoſite to one fide, BCA = 125 20 J 
| 1 Ono DELETION. | 
To put the given fide, adjacent to the known angle, on the primitive circle. 
Deſcribe the primitive circle, and draw the | 


Required the reſt, 


- 


Will 


Make BC equal to the fide adjacent to the given 
KKL 8 
Deſcribe the great circle c AE, making the angle 
BcA equal to the given one, 125 20, (75) 
Through B deſcribe a great circle BA p, cutting 
AE in A, at the diſtance of AB, the other given 
fide from B, I 14 300. | -: {68} 
Then ABC is the triangle ſought. 3 
And the parts required are meaſured by art. 70, 72. 


6 CO MPU TAT ION. | 
To find the angle A, oppoſite to the other given fide, (144) 
As fin, one fide aB==114* 30“ 0,04098 * | | | 
To fin. op. Z c==125 20 9,91158 | Which may be either acute or ob- 
So fin, oth. fide CB== 56 40 9.92194 f tuſe from the things given: But the 
| | conſtruction ſhews it to be acute. 


To fin. op. E a== 48 30 9,87450 | 
To find the angle B between the given fides. (145) 


As rad. S gos oo 10,00000 |. Asco-t. S. ad. g. 4. Bc==56% 40 o, 18197 
To tan. giv. . C==125 20 10, 14941 To co-t. oth. ſide a 8214 30 9, 65870 
Soco- ſ. adj. ſid. 5 o 56 40 9, 73997 | So co-i, m 227 47 9,8723 
To co-t.m =127 47 9.88938 | To co- . n = 64 53 9,62790 
And is obtuſe, as the given _ Which is acute, being unlike ſide op- 
and its given adjacent fide are unlike. | poſite given A., that 2 being obtuſe. 


Then as the given ſides are unlike, the diff. of m and n, or 629 54= 2B. 
4 o find the other fide ac. (146) 


und. go? 00' 10,00000 As co- ſ. S. ad. g. 56e 40 o, 26002 
To co-f. giv. 4. c=125 20 9,6218 To co-f.oth.fideaB=114 30 9, 61773 
80 tan. adj. ſid. Be= 56 40 1, 18197 So co-ſ. mw 138 40 9,87557 
To tan. u 2138 40 994415 | To co-ſ. * =. 55 29 9.75332 
And is obtuſe, as C and cs are unl. And is acute, being unl AB as above. 


Then as BC and Ba, are unlike the diff, of u and x, or 83 11 =aC. 
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164. EXAMPLE II. In the oblique angled ſpheric triangle c. 


Given the angle "* "BAC $5" 20” . f 
| Give 5 — | BCAZI25 20 | Require the reſt. "0 
And the fide appoſite to one angle, AB=114 30 | | 


Cons TRUCTION. 
To put the given fide as on the primitive circle. 
| Deſcribe the primitive circle; draw the diame- 
ter DA; and through a deſcribe the * circle 
Acp, making the given angle BAc 48 3o'. (75) 
Make the arc AB equal to the given ſide 
114* 30 (70) ; and draw the diameter BE 
Through B, deſcribe the great circle BCE, 
cutting ACD in an angle equal to the given angle 
BCAZ125%:20/. | 178} * 
T ben is Acs the triangle ſought. 1 
And the parts required are to be meaſured by art. 70, 72. 


| ComPUuTATION. | 
To find the fide oppoſite the other given angle. (147) 
As fin. one . C==1259 20' 0,08842 | 3 
To firi. op. fide A 82114 30 995902] Which may either be acute or ob- 
So fin. other Z. a= 48 30 9, 87446 Ftuſe from what is given. But the con- 
| — — | ſruQion ſhews it to be acute. 
To fin. op. fide Bc= 56 40 9,92190 | 
To find the fide ac between' the given angles. (148) 
As rad. Dos oof 10,00000 | Asco-t. Cad. g. S. A. 48% 30/ 0,05319 
'Toco-f. .ad.g.S.a==48 30 9,82126 | To co-t. other /. C==125 20 9,85059 
So tan. gn. S. AB=114 30 10,34130 | So ſine M =124 31 9,91591 


- 
— 


To tan. N =124 31 10,16256 | To fine N 


— — 


— 41 19 9,81969 

And is obtuſe, being unlike a, as | Which may be either acute or ob- 

AB is greater than 909 | tuſe; either 41 200 or 1389 40“. 
Then as the given angles are unlike, the difference of u and N, or 830 12. 


is the fide ac. Or the ſum of 1380 417, and 124 3r', leſſened by 180?, 
leaves 83 12.. . ; 3 


o 
PET: — 


75 find the ether angle ABC, | ( 149) : 


As rad, oo oo! 10,00000 | Asco-ſ. Z.ad.'g. S. A= 48* 30' 0,17874 
To tan. Zad.g.S.a==48 30 10,05319 To co: ſ. other 4 c=125 20 9,76218 
So co- ſ. gn. S. AB=114 30 9,61773 | So fine m i 07. 995686 
To co-t. m tz 07 9,6709 To fine n = 52 13 9,89778 
And is obtuſe, being unlike 44, Which may be either acute or ob- 
as its adj. fide as is greater than gov. | tuſe, viz. 52% 13', or 127 47”. 


Then gs the given angles are unlike, the difference of m and n, or 62e 54 
is the angle » required. Or the ſum of 115 %, and 127 4%, leflened by 
180% leaves 622 54. 5 


Ex- 


Lo SPHERICS. _ 


ibs, EXAMPLE III. In the oblique angled ſpheric triangle apc. 

Given the fide AB = 114 300) | 
the fide BC:-= $6: 40 { Require the reſt. 

And the contained angle ABC = 62 54 EK pF RE 


- CONSTRUCTION. | . 

To put either of the given ſides, as BC, on the primitive circle. 

Deſcribe the primitive circle; draw the dia- 
eter 3D; and through B deſcribe a great circle 
4p, making the given angle aBc=62* 540%. 

| | 1 
On the circles BCD, BAD, take the arcs Bc, 
z, reſpectively equal to the given ſides, viz, 
c= be 40', and BA=114* 300. (70) 

Draw the diameter CE, and through c, a, E, Hin 

ecribe the great circle cage; then ABC is the triangle ſought, 
The required parts of ABC are meaſured by art. 70, 72. 


ComPUTATION. 
To find the angle o. (1509) h 
un, = 90 10,00000 } Obttuſe, being lik i 
5 C1 : e ſid . . 
ben f given N 62:54 855853 the — — — Ok 
or d. op. re. ABZSIIA 30 10,34130. Take the difference between iu and 
FTW. call it x. | 


Ota, M =135 Ol 9,99983 

inen == 790 21 000904 Y. ed he 

one n _=135 01 9,84936 [ And is obtuſe, being unlike the given 

tan. given C 62-54 10, 29096 F angle, becauſe m is greater than nc, 
| — \ the fide adjacent to the required angle. 


otan. req. C. C=125 20 10, 14936 
i To find the angle A. (150) 

rad, ==90? oo' 10, ooooo CCW 5 

9 Swen Z — 54 9,6853 the given an — being — e 

% * re. C56 * 10,181 27 f Take the difference between u and 

0 tan. of N. =34 42 9,34050 nu i 483 CON ws 

Is fine N 27 48“ 0,00092J | . 8 

o fine x _ 2 0,78 And is acute, being like the given 
Es. 34 42 975533 TR 

otan. given 4. B==62 54 10, 29096 > angle, as M is leſs than a», the fide 

| ä adjacent to the required angle. 


o tan, req. £ AZ48 30 10, 05321 5 wh 
To find the other fide Ac. (151). 


rad, ; == 90? 05 10,00000 | As co-ſ. 1 =135* 0170, 15039 
c- given . B 62 54 9,65 853 To co-ſ. = 78 21 9,30521 
tan, eith. S. 4 32114 30 10,34130 | So co- ſ. S. uſed aB=114 30 9,61773 


— 


otan. 14 =135 01 9.99983 | To co- . S. req. A c 83 12 9,07333 


Obtuſe, being like a, the fide uſed, | And is acute, being like x, becauſe 
cauſe the given angle is acute. the given angle is acute. 
The diff, of M. and Bc, or 789 21 N. | 


166, Ex- 
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166. ExamerLs IV. In the oblique angled 


Given the angle DCAD 
e 0a" BAC 
And the included fide Ac 

Cons 


To put the given ſide 


— 


RI CS. 


Book N. 
ſpheric triangle ABC, 


{ Required the reſt, 15 


125 207 


48 30 
83 12 


RU T TOR. 
on the primitive circle. 


Defcribe the primitive cirele; draw the diame- 
ter AD; and through A deſcribe the great circle 


ABD, making the given C BAC=482 30“ 


Make Ac equal to the given 


Draw the diameter ce, and through c deſcribe 


| (75) 
nde 283 12. 5 
. 0) D DS Gan ff uo ureOerygcr; onus 


the great circle BE, making the given angle 


BCA=125? 20/ (75), cutting ABD in B. 
Then is ABC the triangle ſought. „ 
And the parts required are meaſured by art. 70, 72. 


E 


 ComMPUTATION. 


75 find the fide as, 


As rad. E 900 oo 10,00000 
To co-ſ. gn. ſide a c 83 12 9.07337 
So ta. Cop. r. S. c 25 20 10, 14941 


To co-t. M 99 29 922278 
As co-ſ. n 50% 597 0,20097 
To co-ſ. m 99 29 9, 21615 
So tan. gn. ſide a c= 83 12 10,92357 


—— ———-—ũ 


To tan. req. ſid. a B=I 14 300 10,34139 


(52) 


Obtuſe, being like 2 op, 
the given fide being acute. 

Take the diff. between m and / 
A, and it is 50 5g/; call it n. 


ſide req, 


*% 


And is obtuſe, being unlike n, he. 
cauſe the angle oppoiite to the fide 
required 15 obtuſe. 5 


To find the 


As rad. ==90® oo“ 10,00000 
| Toco-f. gn. fid. ac=83 12 9.07337 
So tan. Z op. r. S. a==48 30 10,05319 


To co- t. of m 22 32 222 9,12656 


As co- ſ. n. 242 5% 2 , 13558 
To co-f. m 282 222 9e, 12283 
So tan. gn. ſid. ac==83 12 10,92357 


fide Be. (152) 


— 


Acute, being like . op. fide re 
quired, the given fide being acute, 
Take the diff. between m and 4 


c, and it is 42* 57'Z; call it n. 


And 1s acute, being like n, becauſe 
% the angle a oppoſite to Bc, the fide 
required, 1s acute, | 


To tan. req. ſid. Bc= 56 40 10, 18198 


To find the other angle B. (153) 


As rad. == 90® oc“ 10,00000 
To co-ſ. gn. ſid. ac= 83 12 9,07337 
So tan, either C=125 20 10,1494 1 


—_ 


= 99 29 9,22278 
Obtuſe, being like 2c here uſed, | 


'To co-t. m 
— 


becauſe the given ſide is acute. 
Take difference of m and . A, viz. 
420 5 /; and call it n. 


As ſine m = 9090 29“ o, oopgd 
To ſine n 50 59 9,8904 
So co- ſ. Cuſed, c=125 20 9, 70210 
To co-f. req. C B= 62 54 9,658 
| | 8 —— . 
And is acute, being unlike the an- 
gle c here uſed, as m is greater that 
the other angle a, | 


N 167. Ex- 
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167. EXAMPLE V. In the oblique angled ſpheric wiangl ABC, 
Given the ſide A8 = 114 30/ 2-1 
the fide. ac = 83 1 Required the reſt, 
the ſide Be = 56 40 ? 

| con, 
To put either fide, as Ac, on the primitive "circh. 
Deſcribe the primitive circle, and from any 
point in the circumference; as A, ſet off one of 
the given ſides, as AC= 83* 1 3 (70); and. draw | 
the diameters AD, . D 
About c, as a pole, and at a diſtanee equal to 
the given fide BC,” = 56* r ee a ſmall 
crele nB. = --- (68) 
About A, as a pole, and at a diffuncy 5 to 
de given ſide aB (when AB is leſs than 9⁰ ) der | 
(be another ſmall circle ms (68), cutting the former in B But when 
the fide, as AB, 114 300% is greater than 90 then about p, the oppo- 
fre pole to A, deſcribe a ſmall circle with the ſupplement of al as mB, 
cutting the former ſmall circle ng in B. 
Thro' the points A, B, D, and c, B, E, deſcribe the great ciecles ABD, CBE. 
Then 1s ABC the triangle ſought, and the angles are meaſured by art. 72. 

bare rare | 

Et l angle . (1 54.) . 
le ac=r==: $3" 1% Ar. Co. fine = ==$3® 13 0,00305 


"- ELF 40 Ar. Co. fine 2 — 40 o, 7800 
TEA Sine 4 ſum ==7% 31; 9997441 
erb 26 33 | Sine 4 diff. =43 5821 9.84358 
AB=G==L14-.30” _ •- | 
* — | Sum of the four Log. 1980710 
6+d= 141 03|[ 70%317'=zſ\um 8 X 
— —— |4 ſumis fin. of 62 39% = 9,94855 
6—D= 87 5743 yt diff, 
— ä — Which doubled gives 1250 19=4c. 


3 


— 


TRE the angle A. (154) 


Flere AB=E==1149 2. 4 r. Co. fine 8 14e 30 0,04093 
Ac rr 83 13 Ar. Co. fine Tr = 83 13. 0,00395 
—— | Sine à ſum = 43 582 9,84158 
Mr=D= 31 17 Sine 2 diff. = 12 41 2.34184 
the fide BC=G= 56 40 | 
— 5 Sum of four ia =». 1Q,42745 
6+ d= 87 57 43%;582/="ſam' a ns 
| ——— — — 2 ſum | is fin, of 24* 152” = 9,613-2 
„of >=. 25 23/12 411—24if, — 
„ 89040 —— — | Which doubled gives 482 31 =ZA. 
1.76218 To find the angle B. (1 46) 
— eee B=E==1149 30“ Ar. Co. ſine E ii = 0,04093 
265300 cer 56 40 Ar. Co. fine T = 56 40 0,07 8c) 
wat ang Sine 2 ſum = 70 31 ＋ 9,9744 
the au- 1=F==p== 57 50 ine 2 diff. = 12 412 9,341 


er that ac = 83 13 


Sum of four Log. 3 19,4382 


— 


G + 141 03] 70311 t ſam 


7. Ex- 


4 ſum is ſin. of 31280 9.717064 


G—p== 25. Ali t diff. Which 2 gives 62 Jen. 
5 N 108, * 


Vol. I. 
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168. EXAM II VI. In the oblique angled ſpheric triangle anc, 


Given the angle A = 48* 31/ 


the angle B = 62 52 f Required the reſt, 


the angle © =125 20 
Cors TR 


T0 put either two angles, as c and B, at the primitive. 


Deſcribe the primitive circle, draw 


CD and Ex at right angles to one another ; and thro? 
c deſcribe a great circle cap, making the angle 
BCA equal to the given angle c 125 200. (75) 

Deſcribe a great circle BAG, cutting the given 
great circles CFD, CAD, in the given angles B= 


62* 52/, and A=48* 31. 
Then is Ac the triangle ſought, 


| Where the ſides are meaſured by art. 70. 


Cour ur ATION. 
To find the fide AB. (155) 


Here £ =-: 62% 52/ 
( A == 48 31 


E—F==D= 14 21 [Sine = diff. 


Sup. . c = 54 40 


G + D== 69 0134302 ◻τ ſum 


C—D== 40 19.20 Of diff. 


ö 


1 ** * 


The ſup. of its double is 114 29 11 


R I C'S, Book ly 


* 5 ö 
VET IV N. 


the diameters 


(81) 


629.52' 0,050 
48 31 Oz; 
34 30% 9:7532 
20 094 95373 


19,4666: 


, — — 


Ar. Co. fines 
Ar. Co. ſine v 
Sine 4 ſum 


e 


Sum of the four Log. ; 


5 ſum is fin. of 32 457 9038 


— — — 


Here E. E125 200 
£ a=F= 48 31 
r 76 49 | 
Sup. . B—=c=117 o8 


G + D==193 ste lte 


— —— 


To find the fide Ac. (155) 


Sins 1.48 = 20 091 9.3374 


[Sum of four Log. 19.7479) 


Ar. Co fine E ==125® 20“ o, 85, 
Ar. Co. fine F == 48 31 0,254 
Sine £ ſum = 96 581 9,9967] 


— — 


— — 


2 ſam is fin. of 48% 25Y 9.87 


=_— 


G—p= 40 19 N oe diff. 


The ſup. of its double is 83% og=c4 


5 N To find the ſide BC. (155) 


Here Z c=E=125* 20 
2 62 52 
e 62 28 
Sup. CAS =I31 29 | 
6 +0==193 57 9605 82 D ſum 


— — — 


Ee D == 69 O01 34 302 diff. 


* 


Ar. Co. fine K 2125 20” 0,0880 
Ar. Co. fine r = 62 52 00806 


Sine + ſum = 96 582 979967 L 
Sine 7 diff. = 34 30 975398 ® 

8 EY — 12 
Sum of four Log. 19,8890 


ſum is the ſin, of 619 30 ; 9994451 


The ſup. of its double is 56˙ 42/=3c 
SECTION 
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169, The principles already delivered have been ſhewn ſufficient for 
zriving methods for the ſolution of all the caſes in ſpherical Trigono- 
petry : yet as there are many other uſeful and curious particulars which 
pertain to the ſubject, it was thought proper to add ſome of them for 
he entertainment of ſpeculative readers. The chief of theſe relations 
annot, perhaps, be better inveſtigated, than by imitating the method of 
te late William Jones, Eſq. who publiſhed in the year 1747, in the 
hiloſophical Tranſactions. Ne 483, ſome properties of Goniometrical 
ines; which properties are moſtly derived from a general figure which 

. Jones improved from one communicated to him by the great Dr. 
aley. See Synopſis Palmariorum Matheſeos, p. 245. HP 
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5088, 

5120 
99677 
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58750 


cl 
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5,03841 

5,0;06 3 5 5 | 

5 Let aB, Ap; or Ab, Ad, be any two arcs, each leſs than go degrees. 
1.753288! 20d BR, or bt and he, be the ſum and difference of their right ſines. 
oy I and vx, the ſum and difference of their co-fines. a 

95 905 | 3 | 

ſbbe arcs ng, Bp; or by, bd; expreſs the ſum and difference of the arcs 
0-941 iP", 4D. do, DL, are fines of the arcs Bd, Bp, the ſum and difference of 
| es AB, AD: BO, BL, the verſed fines of that ſum and difference, 

5 21 K the verſed fines of the ſupplements of their ſum and diff. 


"LON N 2 | Let 


2/=BC 


N 
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Let the arcs 55 BY, be the half ſum and half diff. of the arcs AB, 4b; 
BF, BG, the fines | 
CF, CG, the co-ſines 


my . nd half diff. of AB and 

cr, CH, the ſecants of the half ſum a | d Ab. 
Bd, BD, twice the fines | 
KB, Kö, twice the co-ſines 


PB, PC, the co- * and the co- ſecant of the balf ſum of the ares AB, 45 


Now the 8 ſet of triangles being ſimilar, 
iz. CBG, Bade, KBE, Kb/, DBLs CHB, BHG, Kdb. 


CB. Bd _ KB EK BD _cH _ BH Kd 
The en- 2 3 — — — * 
CG Be KE * CB. BG 6 
CS ind KB £6 BD Zen — _Kd > 
Gia: BE. bl pr. mn” BG ab 
CG__ Be _KE 1 CB BG EK 


3 am Hu. BH HG db 


The following ſet of triangles being alſo ſimilar, 
ViZ. CBT, BDE, KbE, zdo, dBO, CIB, BIF, PCB, PIC, KdB. 
| There will reſult, 


c RD KU = "a u# CI BI. PC I KA 


CF BE KE zo do” CB” "BP -*8-. PC BK 
c BD Kb 24 5 EE M 7 EP © 


— 22 — — — . 


BF DE EY do BO T IF ch CI aB 
CF BE KE z0 do CB BF PB re BK 


——— — — — — — — —2— —  — 


BF Toa” 75 2 B30 I IF CB c 1 . 


Iv. 


AD, 


8 PHERICS. 


\ Now the ſeveral values of the radius on being collected, are placed in 
rexed table; where the letters 5, f, % v, ſtand for the: ſine, tangeuz} ſecant, 
| ine; and the letters 9% % / the co- ſine, co-tangent, co- ſecant, of the arcs 
or of the arcs Z Aa, I=; and v, the verſed fine of the ſapplement. 


181 


ks 


2 


Goniometrical Properties. 


— 


= 5 (179) 5 * r = — 2. 43 | (174) : 
* X 5e 1 ods * „ Apes A e * . 
079 1 (1760 oy | : (77). 1 (178) 
FCC HEne | SOEE NET [ESE ft FF | 
0 co OS (180 |: my (187) 3 (182 
FFC 
5 = 9 Sas A _ 855 „„ : as & co 
x 6 = = ** 27. hidta 


(187) 
EXE ITT © 
+2 


— 


(192) 


| 4 7 OT 
X 524 +as 


. 


* 


(188) (189) 
25 E1+a Sms 25 EA 
_ — DAT. - 5, 
| „ A+a Soy A—a 


— 


(192) "uM (194 
— ? I fe . : — om * 7A . — — X 5 L7 
55 A—a A 28 a ViA+a | 5 822 | UzA—a = he . | 


| (195) (97) (498) 
55 — 8 n : 295, . \ I —— 29,7 * ———ů— 

— X tz; A—as \ 2 Xr Aa- | \ © $2 A—as 
UV) Am—a V TATA " 3: 5424 

(200 (201) (202 
H . [Exe | 
— 532 A—as 5 . Ara. 

„ 1, 24 „Aa 5 


Wee 
; 55 2 Am—a 
1— 52 3 


(208) 
1 $, 2 Ta 
| Aa 


(209) 
Kt „. 
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From the preceding table, a very great number of properties are read] 
deduced; ſome of which are here annexed, as examples of its uſe; when 
analogies are, in general, expreſſed by equal ratios. | 


— 


diff. of the ſines of thoſe arcs tan. of half the diff. of the ara 
| | | | (1771, 72) 


wr, The ſum of the ſines of two arcs tan. of half the ſum of thoſe ares 


diff. of the co-ſin. of thoſe arcs © tan. of half the diff. of the 270 
: | | ( 175 180 


fine of the ſum of two arcs__ſum of the tan. of thoſe arcs 
{ine of the diff. of thofe arcs diff. of the tan. of thoſe arcs: 


212. Th eſum of the co- ſin. of two ares co- tan. of half the ſum of the iſ 


213. The 


, | —— 5 : 1 

For 2299 Earl.) And ee + 
5A -, 12 A—2 „At „5a —, A T, A 1, AT 514 

by compoſition. | en ie 


Then BEES ES=(9 (l. 47, 46) =22= 
tEAFa—lfA— \ $,a+54 MA oe 
Here the arcs A, a, are the ſum and diff. of the arcs TA, I=. 


* co- ſ. of the ſum of two arcs diff. of tan. of one and co⸗-t. of othe 


co-ſ. gf, the diff. of the arcs ſum of tan. of one and cot. ofothe 
taking the tai of the ſame arc. >. 


214. 1 


For 2 21 2 (212.) And e 2 

524 | 95.65 A . „ Aa +7, } Ao SA +544 +59, 

Th OFAFÞa—t,;A—a — 25A 3 ; 
„AT MEA ( 


Ma 
Here the arcs A, 4, are the ſum and diff. of the arcs ZA, ZH 


215. The fine of the ſum of two arcs, into radius; is equal to t 
ſum of the products, of the ſine of the rag by the co- ſine of the || 
aud the ſine of the leſs by the co-ſine of the greater. And, 

The fine of the difference of two arcs, into radius; is equal to 
difference of the products, of the ſine of the greater by the co- ſine oft 
leſs, and the ſine of the leſs by the co-ſine of che greater. 


EET DIE ITT XS row 
For N SATZ, =, ATZ X 552 (173). 
R X 2, A— 25, = „ AN, 2 Aa (182). 
are the arcs. | 


: Here 2 T and; a 


Hence px _ (the ſum) =5z7 Area XI dE Aa + „ = 957 
| E 3 5 (the diff.) — H AH＋TD4 X 57 242 .—5, Ang Xs „IA 0 


BY | 216, 
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216. The coſine of the ſum of two arcs, into radius; is equal to 
he difference, between the product of the co-ſines, and product of the 
fines, of thoſe arcs. J 1 

The co- ſine of the difference of two arcs, into radius; is equal to 
he ſum, of the, product of the eo-ſines, and product of the ſines, of 
thoſe arcs. a | wr | 


7 4 RN 2, AT Za = TT XK 5, N= (174). 


the ares. ; 

| 5 dn. of . * — 
Thea A ſum) K - D. 
R Xs, a (the diff.) =s,EAFaxS5,<A ＋ „% AT N „1 A.. 


117 Radius, leſs the co-ſine of an are Square the tan. of half that arc 
Radius, more the co-ſine of an are Square of the radius. 


R — , TTa = (v, A Nr | 
| 3 4 - (ATA me” Ara. (195) 


For 


RT = (V, TT) „ N. (191 
555 05 


Then = mY | 


— — 


RT SAT IRR 


f other oy | 2 5 
77 218. The ſum of the ſine & co- ſine of an aſe. _ radius 
diff. of the fine & co-ſine of that arc tan. of diff. of thatarc & 4.5% 
Th ſum of rad. and tan. of an are... radius 


diff. of rad. and tan. of that arc tan. or diff. of that arc 455 
For if A+a=90o* ; then 2445 — 4; and Ja=245%—ZA, 8 


445 
a=, 


Alſo , =, A: S, a =S, A: and „At, A & „AER. (III. 33) 
1 ( 
= Then TIE a | a 
TM FALL ( 3 
' ASHE Nang +jA7 „N, 8 
to | \ | >. 5 1 \ *'% | 
„ „A, A I, AX S, A RT 55A t, Ax c „A TS, Ax R 
le of th a L 2==( III. — N — — — 5 9 5 
ein, „ A 0 | 33) t. AX SAE R—5 5A „ AN A- AX R! 
| Then(2A#2h _ HAR Kent n Et = EA 
nd - Sy Am, a HASR KS SA "WS tA BAD 45? 


FE CIR 


— 


* This mark e ſhews the difference of the values it ſtands between. 


N 4 | | 219, The 
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219. The FLIER of the co-ſines, of two e is eee to the di. 
ference of the verſed fines of thoſe arcs. . 


* . 
1 19113 W 


220. The product of the ſines of two arcs, is nh to the produt 0 of 
half the radius into the difference of the * of the ſum and dif 
ference of _ arch - 


. — 5 ed 5 3 \ —— 2 1 


Or nn = N Putting . * A=. 


221. The product of the ſines of two arcs, is equal to the produd of 
half the radius into the difference between the verſcd fines, of "Go ſum 
and difference of thoſe arcs. 


——— — 
222. Half the radius - [Juare of the . of an arc 


veried line of twice that arc” ES 101 | 


— ſquare of the cadine af. an arc (3077 
| ſup-verſed line of twice that arc 4 I, 


: * product of the ſines of two ares 


diff. of ver. ſines of the ſum and diff. of thoſe arcs, 
(223) 


223 The ſq. of rad, = prod. of the ſquares, of the ſine and cost. of an arc 
. ſquare ot the co-ſine of that arc 


— Prod. of the ſquares of the co-ſine & tan of an arc 
ſquare of the fine of that are y 


. * 5 | 
For A" ha . Then an NOOA A N tt A 


— 
<a f 


„ ö 9 


224. The product of radius, and the PE of an arc, is equal to the 


difference of the . of the ſine and co- ſine of half that are. 


| 55547 A R N. A 5 5 
For 0 > EE (193 197)= SE Put: 2 . 
„Te VA R—5 7A ＋ 4 « ; 1 
NTA 2 22—55, z 
Ther +53 4 — "Eo 
6444 el hi | 


7 — dl. III.) And Nef, la- „z. 


. Aus diviſzon, 


51m ＋ 5 & 75 12—512z. (II. 110). 


1 


Ir. nnn 


In any ſpheric triangle Ac, if in the fide c produced, be taken Be, ap, 
each equal to BA, and BG be drawn at right angles to CA. | 
Then = ee 15 — _ of the legs including the angle at B. 
c and AG are the ſegments of the | : 
baſe, or ſide oppoſite to the angle 
B. LA and L are called baſe 
angles. 4 CBG=4, (ABO are 
the vertical angles. ; C 
Now a very great number of relations 
may be formed between the ſides and 
angles; ſome of which are here enu- 
merated. f | 


| ; | | ' : A "IG 
225. The fines of the legs, are as the ſines of the oppoſite baſe angles. 
That is, ,BC : „BA:: „A: SC» | (110) 

ſum of the fines of the legs ſum of the fines of the baſe angles 
enes qiff. of the fines of the legs diff. of the fines of the baſe angles 
by compoſition. : 3 


H 


226. The co-fines of the baſe angles, are as the ſines of the vertical 
angles. 75 : 
That is, CTR .. (3d of 122, and2d of 124) 
ſum of co-ſines of baſe angles__ ſum of the ſines of vertical angles 
Hence If. of co fines of baſe angles © diff, of | ſines of vertical angles 
by compoſition and diviſion of ratios, . 


227. The co-ſines of the legs, are as the co-ſines of the adjacent ſeg- 
ments of the baſe. | VVV | 

That is, FBC: „BA:: F : „AW. (3d of 121, and 2d of 123) 
Bae ſum of co-ſines of the legs ſum of co-ſines of baſe ſegments 
wende Tiff. of co-ſines of the legs diff. of co-lines of baſe ſegments 
dy compoſition and diviſion of ratios, 


228. The co-tangents of the legs, are as the co-ſines of the adjacent 
rertical angles. | 


* 


That is, eee {5 54: Oe | (2d of 121, and 2d of 124) 

Hence ſum of co-t. of the legs __ ſum of co-ſines of vert. angles 

«ence - - - — — ——— — — by Com- 
diff. of co- t. of the legs diff. of co-1ines of vert. angles * 


poſition and diviſion of ratios. 


229. The tangents of the legs, are as the co- .. of the adjacent vertical 
angles reciprocally. 5 8 1 | 
Hence lum of tan. of the legs ſum of co-ſ. of vert. angles b Is, 
diff. of tan. of the legs = diff, of co- ſ. of vert. angles — ; 


230. The 


1% 
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230. The ſines of the baſe ſegments, are as the tangents of the ad. 
jacent baſe angles reciprocally. 
That is, „CG: 8, AG:: (c: F, A: :) A: t, c. (2d of 122, and iſt of 12 
ſum of ſines of baſe ſegments __ ſum of tan. 'of baſe angles 


diff, of ſines of baſe ſegments. - diff, of tam of baſe angle 
by compoſition and diviſion. 


Hence 


231. The tangents of the baſe ſegments, are as the tangerits of the op. 
polite vertical angles. | 


That is, t, c: t, Ad 2: r: tc. (108) 
ſum of tan. of baſe ſegments __ ſum of tan. of vert. angles 


Hence diff, of tan. of baſe ſegments diff. of tan. of vert. angles 
by compoſition and diviſion of ratios. 


232. Th 2 tan. of half the ſum of the legs tan. of half the ſum of the baſe ang. 
1 tan. of half the diff. of the legs tan, of half the f of che baſeang ang. 


| For EY Fg —HA+5,C (225)= FT > „N 60 
„BC. BA ie 1,250 —5 5 = 


_ The tan, of 2 ſum of baſe 8 tan. of diff. of the legs 


dan. of 2 E ſum of the legs _ nan. of & fl. of the baſe ſegmend. 
Y S, AA, c 206 ＋ 6 
1 S,BASS,BC _ — 550 Ag, (227) t. Z ACTRHX e (212 
| $SBA—S,BC S$,GA—S,GC t,;BC—BA 5518808 
52 t 8 * 
Then (ese —— (II. 145) =. (III. z)) 
G—GA 75 89 52 * | 


234. The ſine of ſum of legs co- tan. of 2 * of vert. angles 


Une of diff. ot legs tan. of Z If. of vert. angles 
| __co-tan, f diff. of vert. angles 


tan. of 2 7 ſum, of vert. angles 


For 2 „TBA e (21 )=7 FC c+£O (22 26)= . 172. 
* A t, Be, BA 11,1. 1 
212 


2 „ het of 2 * of v vert. ances tan. of diff. of baſe angles 
35. n. of 2 = of the baſe angles tan. of Z T diff, of vert. angles 


For e (212) — 5 (226)= ) 2 .— (211) 


„ CA 954.5, 2. 
| 12 AC „ATC AC 2 be” | 1 
Hence b ( "TE (IE 145-= (III 370 
| 22 a; T are „AT | 


236. The 


5. The 
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ſine of ſum of the legs ſquare of co-t. of ſum of vert. angles 


236. The fine of diff. of the legs” tan. Z Ld into tan. 2 diff. of baſe * * 


, 1 ATc t, 5 | 
For — Po bor —=t;Za—c | 635 


t. Tc X t, AC 


« © | 
— 7 234) 
228 t;FIFT * (II. 1 51) 


Then , GEA: 258-1 : PT: 


Th ſine of 5 the ſum of legs co- tan. of Z r the ſum of vert. angles 
* © fine of 2 : the diff, of my tan. of 2 the diff. of the baſe angles 


WITT , BC BA t, TTT EN. 
or, — ——— 2 6 And 23246 2Z fe Orhan ht 222 
For Ie N LC * . 3 ). * e is 5 18A (232) 
| ef EA AFC __ „CBA xt ZBCBA 
Then 5== — 12 — — (II. 156) 
4, 2 AC & ES X kt, Ine 3 X tZBC—BA BO—BA — 


ff, "Bag 1 2 
And fz. (x96, 103). Then 2 
tt, 2 z Ann? 25553 BC—BA — BA 52 BC—BA 15 — 


PEP of ſum of the legs _ co-t. of the ſum of vertical angles 


238. The 
238. T co- ſi of 2 F diff, of the legs © tan. of 7 the ſum of the baſe angles 
| Fo | Ae bc — C0) And 3 — . JE (2 2) 
hs * 5 A- 3, BBA t, 1 ATC £,ERCDBA > 
HEAT N X t,ZAFC SBCA Xt, 1 « 
Ang ee 191,197). Then e e 
tt, TAT 25 23 BC—BA „ zB BA f, AC 


The two laſt propoſitions ſolve the problem where two Ries and the in- 
eluded angle, of a ſpheric * are given to o find the other angles. 


Or where two angles * the included ſide are given, to find the other 
ſides, uſing the word angles for legs; the given fide for ſum of vertical 
gn; ; the other ſide for baſe angles. 


_—_ —_— —— — — 6 * 8 — 
” — — — * 


bs art. 237, 238, the concluſions were gained from this principle, namely, 
that che /ides of proportional ſquares, are in the ſame proportion as thoje /quares. 


. 
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239. The * of an angle, i is to radius; 
As the radius into co-f. of the oppoſite fide, leſs Jn product of 

the co-fines of the including ſides, 
To the of the fines of the Jnchiling thing 


For Ne- Ae * „AG, Ac X HAGER. 599 (216) 


CHAAS; | 
And (s, e) [2 2 555 XGAG=R, . (ll 46) 


. X SAB 3 
Therefore s, Bc * A XS,ACXSAGH 25 * 5 * HAC. 


R NS — IAC ES „AB Ng, AC 
T herefore - | e — 5 2 d. 


| —_ 7 4, A8 
Then Ne nA 655 (01 163) SI 
„A X CA 


| . yy | 
But i A0 = 2= Xt, AB(131). And 2 _ 0 A Yuma n 


„AB 
(187) 
Then SA, 58 AB__RXS — „ABN AC And SARI 8c, Ac, aB 
R 5 | S,AB X SAC 5 : R 8255 SAC X AB 


FAN, ac „AB 


240. Hence R&S, Bc - 


＋, ac KR. 


241. The verſed ſide of an angle, is to the ſquare of radius; 
As the diff. of the verſed ſines of op. fide, and diff. of including fides, 
To the product of the lines of the hides including that angle, 


R X FBC "AC XS5AB__ a=) — 
„ AB X, Ac 8 


For (239) 


9 . 


Therefore xx x5, BC—R N, ACXs, ABER Xs, i TER 
- X V, A. 


Therefore RR Xs "BC TA * AB R v, A „Ac *, AB T, Ac & „AB N R. 
=s ,AT—AB K RR. (216) 


Then , Ac x5, AB x, A= (AR RS, D- RR X VBC FCB, BC & RR. 


And 2 — ; aa) 
n AN ACA (219, 


242. Hence 


of 


5) 
50 
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He D, A v, cn Or — 
TR ence 2R een 2 V, v, CR— "ED 


„when RI. 


— 


For („Ac X „A= 512 * 9 (222)= Ses x — =, (242). 


Then v,CB—v,CD 1 * VA 0. 
55 cE. © 2R 


243. The verſed fine of the fup. of an angle, is to the ſua of e $ 


As the diff. of the verſed fines of the oppoſite ſide, and ſum of the 
including ſides, 
To the product of the ſines of the ſides including that "__ 


xa nc LACKS AR Ea IN 6 OM 
For (239) — 5 BCP, . 


SAC XS, AB : * R | R = 


Therefore RR RF, BCER N „ax Abc Ah x AR , ac *, AR 


Therefore RR X 5 BC, Ac * XV,AZR X 5 Ac Xs c „AB. 
( e rAB=)an * 5,CE. (216) 


wen: RR X „RR * \CE=HAC X „AB R 54. 


BC, c 5 CE 
And = — 2 02 2 =) = 


MACK AB”. GACEX AB 
VA. _V,CE——v,CB 8 
2R "v,CE—U,CD. 


Or 2 2 9A = 
5D, Rv, co 


244. Hence 22 » When R. 


3 > he . 
For („Ac & „AR =) ER X V\CE—v,CD (22.2) =v,CE—v,CB * =" (243) 


Then V,CE—vV,CB (aged V2 _ ==) VA 
EIS 82 2R 


245. The ſquare of the ſine of half an FAD is to the ſquare of the ra- 


dius ; 


As E radius into "the diff. of the verſed fines of the ſide oppoſite, 


and diff. of the ſides including that angle, 
To the product of the ſines of the ſides — that angle. 


« 


5 U,CB= — 


(v, =) _ 2) = EET | (241) 
4 8 ep O,CD=—OCB | 
Then — 2 2 | | 22 | 3 
RR Ac N B Gs SACKS 545 fn. (219) 
246. Hence 
. 


a SPHERICS. Book Iv. 


„ A J, cBN X „ c= 1 
„Hence 15 
— Rees IT ER ( 


een | 
— 3 AB X HE — T 3 becauſe CDSAC-4Ax 


Ak. Putting 2H Ac ABT Be. 


247. The ſquare of the co-ſine of half an angle, is to the ſqu. of radius; 
As & radius into the diff. of ver lines of the fide oppoſite, and 
ſum of the included ſides, BE | Ee 
To the product of the fines of the ſides including that angle. 


BY « : 


"HER ys 5 __V,CE—YV,CB | | | | 4 
For (v,a=) In 4221 „c K „AE NAR. (243) 
a \ : % 4 | 
Then ——==— „AR * It. | [d 210) 


$OEA , cETCB X 5, CB. 


* Hence ac NAB 177 
Dee . por ESA + AB, 
12 „Ac „AB | 


AC K „AB 


Putting 21 AC AB AT Bc. 


249. The ſquare of the tan. of half an angle, is to the ſquare of radius; 
| As the diff. of ver. fines of the ſide op. and diff. of including ſides, 
To the diff, of ver. ſines of the ſide op. and ſum of including ſides, 


- 


D, A , A tt, T A V.CR—Y,CD 2s | 
For 2=— = (222) 3 (223) — (241, 243) 


IT., TA S, TCB TD x 5, LTFEDD | . 
250. Hence = . 3 8 (219,181) 
es FA RR , ZCETCB N, CEB | | * | 


_55FTB-FACDAB X 5, CAA 
"" HECBFACFAB XZACHACSITB 


n 
SH X S, H==BC 


From the articles in the three laſt pages may be deduced many rules 
for ſolving the problem, where the three ſides are given to find an angle; 
and thence, from the three angles given to find a ide, : 


- 


251. When 


Iv, 


$1) 


Al 


les 


e; 


en 


Given 2. == 125* 20 


my 
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251. When two fides and the included angle are kiten te find the 
third fide : Or when the three ſides are given to find an angle; for theſe 
\rticular caſes there have been given compendiums by Sir Jonas Moore, 
in his Mathematics, Vol. II. page 383: Alſo by Nicholas Facio Duillier, 
in a ſmall tract of his, which is very ſcarce; and by the learned Dr. Pem- 
herton, in the Philoſophical Tranſactions for the year 1760: The prin- 
ciple employed by each of them is the ſame as in Art. 245; which will 
be here illuſtrated on account of its utility in ſome aſtronomical ſubjects. 

In the triangle ABC, where DAC AB, 

Given AB, AC, Z A; required BC,” PI: 
55, LA 25, B25, ; * On 

RN , Nn, AB (245) S 


I „ ; . 
$45 A XS, AC XS, AB 


Now 


Then — 2 B. : 
Hence the following practical Rules. 


252. I. To twice the log. ine of half cho atom anole. 


Add the log. fines of the two containing fides; _ 
The ſum, abating three radi in the index, leaves the log. fine of an arc. 


From twice the nat. fine of that arc; take the nat. co-ſine of the diff, of the 
given des, © 1 


Leaves the nat. co-ſine of the third fade, or of its ſupplement. „ 
253. II. But the fide required may be found' without the uſe of natural 


fines. Thus 5 | 


To twice the log. fine of half the given angle, 

Add the log. fines of the two containing ſides; : | 

From half the ſum of theſe logs. ſubtract the log. ſme of half the diff. of 
the ſides, 1 5 5 | | 

And thre emainder rs the log. tangent of an arc; | 7 

The log. fine of which arc, ſubtracted from the ſaid half ſum of logs 

Leaves the id. fine of half the e Aide. 3 les | 

Take the Example uſed in the ſix caſes of oblique ſpheric triangles. 


Where ac=83* 11/, aB=56* 40; ZAaA=125? 20 


Required Bc, which was there found to be 114 30. 


ane $ 9.94858 
Its half 255 8 Logs ne . 
One ſide — — Log. fine 9, 99692 
Other ſide — K- — Lg. ſine 9.92194 


| OEM one dP a —*—D. 


Are found = 40 533 its nat. fine 65467 (256) 9.81602 


WE. its double 130934 
Diff. ſides = 26 30 the nat. co-ſine 89480 

65 30 the nat. co-ſine 41454 (2577 

The fide required 114 30 | L | 

| = | 2 


- 


= |: * SPHERICS.. Benn. 
The faid Example FIR by the ſecond Rule is is as follows 3 | 


Given 2 1 20 


{ 

4 Its half © 62 40 log. ine 9.94 948 58 
One ſide = 83 11 log. fine 9, 99692 98991 2 

Other fide | = 56 40 log. line 9, 9 1944 (Vp Sf ] 

Sum logs. = . 39 39.8 16 a, = 175 

Half ſum | fg 19,9081 balf ry lo © < 19,903 

E diff. fides = 13 15 9.36048 7 8. f NT 

Arc = 74 10 ** tan. — hogs PRE 74 10 998320 


Log. ſine of 57 1 5 9,92481- 
The required fide = 1 14 30 
ogy the three ſides are given to find an angle; 
54. I. To the nat. co-/. of the ſide oppoſite the required angle, 4 the nat. ci. 
* the diff. of the ſides about that angle; half the ſum is the nat. ine of an arc, 
To the log. fine of that arc, add the arith. comps. of the 10g. ſine of the we ds 
about the required angle, and alſo the radius. 
The half of this ſum is the log. fine of half the angle foughe. - 
Or without uſing the natural ſines. 

255. II. To the log. fine of half the diff. of the ſides about the angle, add the 
. arith. comp. of the log. fine of half the baſe; the fum is the log. ſine of an arc, 
Ta the log. co-ſine.of this arc, add the log. fine of half the baſe, rejeci ru. 
dius from the ſum, and to the double of what wi! 4 Wen remain add the 
arith. comps: of the log. fines of the contained ſides. e 
Half the ſum is the log. ſine of half the angle. | 

Exam. Let the three ſides be gc 114 30 ac=80? I, ABZ =56 40, 
Required the angle A. 


By l. Rule 
Baſe Bc = 114 300 , 
Its ſupl. 63 3o nat. co-fine = 41469 (656) 
Diff. ſides 26 31 nat. co-f, = 89480 


Sum 19 5 3 130949 | Rad. 10,00000 
Half ſum is the nat. ſine. (217) 65474 arc 400 54 log. ſine 9,8160) 
| Ar. co. log. fine 83 11 | 0.00308 
Ar. co. log. ſine 56 40 0,07806 
19,89721 
Half the angle ſought 62 40 log. fine , 4860 
Buy II. Rule. 40 mY 
Sac = 13 152 Log. fine 9, 36048 | 
2Bc | = 57 15 Ar. Co. L. ſin. 0,07518 log. fine , „9.92482 
Log. fine 15 49% an are 9:43566 log. co-ſ. 15 49% 9,98322 
; . . ; 0. 


_— — 


1 — ©: Cor > can 
————— — — — — 
[IN — G OMEN ph 


3 | yon z 
Ar. Co. Log. fine ac _ — —  0,00303 
Ar. Co. Log. fine A B — — — o, oy 806 
Sum — — — — , — 9.89722 | 
_ Half ſum is Log. fine of 62 40 5 9,9486 
Augle ſought is MS 2024 Aa. 
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As the natural fines of arcs are not contained in this work, and are on 


ſome occaſions necellary, it will be proper to ſhew how they may be found 
{om the Logarithmic tables contained herein. | 


256, Firſt. An arc being given, to find its natural ſine to five places of figures, . 
Rule, Take out the Log. fine of the arc, rejecting the Index; 
Seek theſe figures among the logarithms of numbers; | 
The correſponding number is the natural fine of the given are; 
which is to be reckoned as a decimal fraction of the radius, or 
unity: : | . 
Prefixing the decimal comma (,) if the index of the log. ſine was 93 
But if the index was 8; 7; or 6; prefix ,o; „oo; or ,000; by 
which means the left hand digit of the natural {ine will ſtand in 
the place of the firſts, ſeconds, thirds, or fourths. (I. 18) 


Ex. I. Required the natural fine and co-fine of 4* 22“? 
Log. fines ſine 8,88161 Co-ſine 9,99874 
Num. or nat. fines 0,07614 o, 99710 
Ex. II. Required the natural fine and co-ſine of 289350 
Log. ſines ſine 9, 67982 Co- ſine 9,91355 
Num, or nat. ſines 0,47844 RS” —_ 7 
If a given log. fine is found in the table of logs. of numbers, its natural 
number conſiſting of four places is ſeen at ſight; and its right hand place 
js 0 when the index of the log. fine was . ph | 
But if a given log. fine is not found to every figure in the tables of log. 
numbers, its 5th, or right-hand place, is thus found. 
Take the diff. between the log, num. next greater and leſs, than the 
given log. fine ; and alſo the diff. between the given log. ſine and its 


next leſs log. numb. 


Then, As firſt diff. is to 2d diff. fo is 10 to the digit for the right 

hand place. : | EE „ | 

Thus to 4? 22/, the nat. fine is o, 7614; and co-ſine is 0,997 10. 

But to 28? 35/, the log. fine and co-f, does not appear exactly among 
the log, numb. WT | 

And the above-mentioned two differences, for fine, are 9 and 3; for 
co-\. are 5 and 1. | | | 7 

Then 9: 3: : 10: 3, the 5th place. And 5: I:: 10: 2, the 5th place. 


257. On the contrary, A natural ſine being given, its correſponding arc may 

be thus found. | 

In the tables of num. and logs. enter with the natural fine as a num. 
and take out its log. 5 | | * Ho 

Seek this log. in the table of log. ſines, and the correſponding de- 
grees and minutes ſhew the arc required, | 

Prefixing the index , 8, 7, 6; according as the left hand digit 
ſtood in the place of firſts, ſeconds, thirds, or fourths. | 

What has been ſaid of the nat. and log. fines of arcs, is alſo appli- 
cable to the nat. and log. tangents of arcs. Me 
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OF AST RON OMV. 


ert 
Of Solar Aſtronomy. 


\ ASTR ONOMY is a ſcience which treats of the motions and 
N. diſtances of the heavenly bodies, and of the appearances thence 
uiſing. | _ 1 ns 2 5 
"There have been great variety of opinions among the philoſophers of 
zes concerning the ſituation of the great bodies in the univerſe, 


tem; and that theſe 

is heavens. . | | | | 

'2. The SOLAR SYSTEM, fo called by Aſtronomers, is that in which 
wt Earth is placed; and in which the Sun is ſuppoied to be fixed in or 
war the center, with ſeveral bodies ſimilar to our Earth revolving round 
wn at different diſtances. This hypotheſis, which is confirmed by all 
b obſervations hitherto made, is called the CopzRNICAN SYSTEM, 
_— — | from 


= 


us ton” 


196 


== ASTRONOMY, Dock v. 
from Nicolas Copernicus, a Poliſh Philoſopher, who about the year 1 509 


revived this notion from the oblivion it had been buried in for many ages. 


Stars are diſtinguiſhed into two kinds, namely, fixed and wandering, 


3. The FixeD STass are the ſuns, in the centers of their ſyſtems, 


ſhining by their own light; and are obſerved to preſerve always the ſame 
ſituation in reſpect to one another, N 

4. The fixed ſtars appear of various ſizes, which is, undoubtedly, ocz. 
ſioned by their different diſtances; theſe ſizes are uſually diſtinguiſhed into 


- fix or ſeven claſſes, called Magnitudes : The largeſt, or brighteſt, are faid 


to be of the FIRST MAGNITUDE ; thoſe in the next claſs or degree of 
brightneſs, are ſaid to be of the SECOND MAGNITUDE; and fo on to the 
leaſt, or thoſe-juſt diſcernable to the naked eye. But beſides theſe, there 
is ſcattered throughout the-heavens a great number of other ſtars, called 
TELESCOPIC STARS, becauſe they cannot be ſeen except through a tele. 


ſcope. And, indeed, it is to the aſſiſtance of that moſt admirable inſtrument, 
that a great part of the modern Aſtronomy owes its riſe; which will 


tranſmit with honour to the lateſt poſterity the name of GALILEO, among 
whole many inventions the telefcope 1s ranked. 5 = 

5. Although the viſible fixed ſtars are probably at very unequal dif. 
tances from the center of the ſolar hiſtem, yet Aſtronomers, for their eaſe 
in computation, conſider them as equally diſtant from our Sun, forming 
the ſurface of a ſphere which inclofes our ſyſtem, and is called the Cz. 
LESTIAL SPHERE. This ſuppoſition, with regard to the Solar Syſtem, 
may be ſtrictly admitted, conſidering the immenſe diſtance even of the 
neareſt fixed ſtars from the center of the ſyſtem, | 

6. A CONSTELLATION is a number of ſtars lying in the neighbourhood 
of one another on the ſurface of the cele/?ial ſphere, which Aſtronomers, 


for the ſake of remembering them with greater eaſe, ſuppoſed to be circum- 
ſcribed by the outlines of ſome animal, or other figure: by this means the 


motions of the wandering ſtars are more readily deſcribed and compared, 

The number of theſe conſtellations is 80, each containing ſeveral {tars 
of different magnitudes. The number of ſtars of each magnitude, and 
alſo the conſtellation in which they are ranged, are contained in the fol- 


_ lowing table; where it may be obſerved, that the conſtellations are diſtin- 


guiſhed under three heads; namely, in the zodiac, and in the northern 
and ſouthern hemiſpheres. : | 


i 


7. ConsTELLATIONS IN THE ZODIAC. 
REG, OUT TY YDCIEDRIASL 
INE ' - =| 2 | 1 
Names. 8 Magnitudes. Names. |» Magnitudes. 
HE —— — |S | 
Northern.“ x 12111 | 1V v [v1 Southerr. |* 311 nd by vn 
(Aries. y 46] of 1 4 83e Libra. | 33] ol 2} 1 | 8| bo 
{1'aurus, fog 1] 1 3 | 9j24j71Þcorpio. © Im] 44] 3] 3-6 14 5115 
Gemini. {11} 941 2] 2] 4 }-$113/66jSagittarius. || 48] of 1] 5 f 
ancer. 5 75 of c| o | 6| 8 61/Capricornus [vs] 58] of o 2 | 5] 94 
eo. Ji 91] 2 2| 6 1157 Aquarius. 293 0 0 472860 
Virgo. iK 93} 105 %% fies — 110] © 0 1 | 7]28] 


| 
| 


„ NoR THER) 


vl 
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506 6vᷣà ne To | 
s. b. NoRTHERN CON STELLATIO Ns. 
| — F FACTOR — — — — — 
ms ö ö | 2 | 
a i 25 Magnitudes. | | = Magnitudes. 
Names. 3 | ES Names. 1 | 
5 171 Err HII v [v3 III II V v fvi 
* — ——— Pr —L ES 
Into Little Bear. 12 0% 2} 1] 4 3| 2 ||Camelopardalus. 23] o| of © | 5| 711 
ſaid Great Bear. 1050 ©; 5 515 30149 Serpent. gol oi 76 531 
Dragon. 49 % 1} 7 1023 Serpentarius. 67] o| xj 6 121731 
e of cepheus. 40] © o| 3] Age (Sobieſki's Shield. 8 o| | o | 2] J J 
the reyhounds. | 24} ©] o] -of 1] 716 | Eagle. 29) 1} of 5 | 1 41184 | 
Mons Mzmal us. T1] o| of of 1} oj10 | Dolphin. -18þ of 0. 6 | o| 2110 
lei Berenice's Hair. 24 oo of 6 810 Colt. 12} 0] o| © | 4| I| 7 5 
ele. Charles's Heart. 3 of 1] of c| of 2 Arrow. 1310 ol of 4} 1] $} 
ent Northern Crowne 1 11] of 1} © 31 1 Andromeda. 66 O3] 2 1001635 
195 Hercules. 1920 of 127 28140 | Perſeus. *I67] 11 x} 5 01436 
will Cerberus. . I:g]o} of © 1} 5 Pegaſus. 8110 3{ 49110544 
long flarp. 24 1] of 3 $110 ||Aurigas 146] 1] 1] x | 9| 9jz- 
8 Sunn. $ 73\ of 1] 5[15]20}32 [|Lynx. - 55 of of x | $j21125] 
. 7. 1 29 of of of <þ:1]2 Little Lion, | 20] OO 1 | 6| 5 8 
diſ. Gooſe, 10] of of of cf 2| 8 Great Triangle. 100 0j0j © | 3| 1 6 
eaſe Lizard. ä 1240 © 9 4 Little T riangle. 510 0, o | o| of 5 
ning (Caffiopeas BE 82 E ol & | 7133 — OY | 6| 212 14 2 2 1 
Ce. Be 5 ob | 
tem, 9. SOUTHERN CoNSTELLATIONS. 
the — —— N — - — —- — 0 1 
5 | | 3 Magnitudes. | RT, 2 Magnitudes. 
00d Names. al — Names. 8. — 
ners, * [1] [171 fav] vivi . | rn III V vi} 
— cc} co c- — } ; 1 0 — —— 1 —1 
- & 4 ; | 
* Whale. ; 8c| C - 8 13 19,47 Peacock. 7 1414 011 3 5 - 1 ; 
5 the kridanus. _ 172] 1] ©, 1024/19 18 || Southern Crown, 12] of c © | qj 8 
red. | Phenix. -  —er3] of u| 5] 5] of 21} Crane. © 114] of 2] 1] 2} 9f © 
ſtars American Gooſe. 9 ©| ©| 4| 2] 3] © || Southern Fiſh 1151 1] of 29 2 it 
1 Orion. 193 2] 4| 319/1550 || Hare, | 25 © - 4; 9 4] 8 
An Monsceros. 132] o| of 1er! Noah's Dore. 115 of 2] of 2 6} of 
fol- Little Dog. 14] 1] ©| 2 of 2/10 || Charles's Oak. 13] o| 1} 2] 6; 4| of 
fin. Hydra, | 153] ©] 1] 311411322 || Ship Argo. 48] 1 6 11013 144 3 
q Sextans Uraniæ. 4j ©] o| © of of 4 || Great Dog. 29] 1] 5} 1} 4j1of 8 
nern, Cup. 11e ol 81 21 1 Bee. 5 92 2} © 
Crow. | | 8] cf o| 2] 2| 2| 2 || Swallow. 11] of of of 4 3 44 
Centaur, 360 2] 6] 6114] 8| © || Indus. 12] cf c| of 4] 6 2} 
Wolf. | 36 o| o 3 E[18] 9 || camelion. 10 ) of © 019 1 
Altar. 9 6% Flying Fiſh, ee co, 6 1 
Southern Triangle, _ 5| of 1: 2] of 2] 0 || Sword Fiſh. 1 71] © of 2! 2l 1] 2 
| stars 1 11 111 * v | VI | 
. * | go * o . | — — 
Conſtellations in the zodiac 12, contain L 894 6112] 38 10169 56g) 
Northern conſtellations 36, contain 243 5210 920200 291 634 
douthern conſtellations | 32, contain 8 706, 932 75 1850188 217} 
Number of ſtars in the 80 conſtellations 480678 


2843 2065 —— 


As theſe ſtars are found not to alter their ſituation in reſpect to one 
mother, they ſerve 9 as fixed points, by which the motions of 


3 | otheg | 


% 
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other bodies may be compared; and therefore their relative poſitions haye 
been ſought after with great care for many ages, and catalogues of their 
places have from time to time been publiſhed by thofe, who have been at 
the pains to make the obſervations. Among theſe catalogues, the moſt 
copious, and, as generally eſteemed, the beſt, is that called the Hiſtoria 
Celeſtis of our countryman FLAMSTEED. . 
10. The poſitions of the ſtars being obtained, their relative places mz 
be delineated on a ſphere or plane; and thus are the maps or charts of the 
beavens made, and the conſtellations, drayn incloſing their reſpective ſtars, 
There are two maps, uſually called Celeſtial hemifpheres, which are pre. 
fixed to this book; by the help of which a perſon may readily become ac. 
quainted with the poſitions and names of many of the principal fixed ſtar, 
thus: © 2 5 „ nd 
On a clear night, let theſe prints be laid fo as to correſpond to the north 
and ſouth parts of the heavens; then the obſerver looking on the ftars, 
and then on the bemiſpheres, will with a little practice know ſome of the 
ftars in the heavens, the like poſitions and names of which he has oblery. 
ed on the prints. | | 

11. The W ANDERING STARS are thoſe bodies within our ſyſtem, -or 
celeſtial ſphere, which revolve round the Sun; they appear luminous or 
bright, only hy reflecting the light they receive from the Sun; and are of 
three kinds, namely, primary planets, ſecondary planets, and comets. 
12. The PRimarY PLANETS are thoſe bodies, which in revolving 
round the gun reſpect him only as the center of their courſes ; the mo- 
tiens of which are regularly performed in tracks, or paths, that are found 
by obſervations to be nearly ciicular and concentric to one another, 

13. A SECONDARY PLANET, commonly called a SATELLITE of 
Moos, is a body, which, while it is carried round the Sun, does alſo re- 
volve round a primary planet, which it reſpects as its center. 

14. Co ETS, vulgarly called blazing ftars, are bodies which alſo re. 
volve round the Sun; probably in as regular order as the planets, but in 
much longer periods of time. From What is already known of them, 
they are many more in number than all the planets, and their tracks 

or courſes paſs among the paths of the planets in a great variety of di- 
rections. N 5 | | 3 

is The ORBIT of a planet or comet is that track or path along which 
it moves, | | | Eo 

There are ſix primary planets; and reckoned in order from the Sun, 
their names and marks are, MERCURY &, Venus F, the EARTH Z 
or O, Mars &, JurITER U, SATURN H. © 

Aare, Fupiter, and Saturn, are called SUPERIOR PLANETS, as theit 
orbits include that of !ithe Earth: but Venus and Mercury, the orbits d. 
which are contained within the Zarth's, are called INFERIOR PLANETS 

16. It bas been diſcovered by the help of teleſcopes, that there are ten 
ſecondary planets ; the Earth being attended by one, called the Moog, 
Jupiter by four, and Saturn by fire. | . 

Saturn is alſo obſerved to have a kind of circle, called his Rinc, which 
ſurrounds the planet at ſome diſtance from his ſurface : and Jupiter has 
certain appearances, which ſeem like zones or girdles round him; and 
meſe ace called JuPITER's BELTS. | 


Every 


ca 


2 


Ser r 8980 


„ 2 K . 


* Fay E IJ 


* 


ö haye 
their 
een at 
moſt 
iſtorig 


8 may 


of the 


ſtars, 
e pre. 
ne ac. 


12 


north 
' ftars, 
of the 
blerv. 


m, or 
00s or 
are of 


olving 
mo- 
found 


TE or 
fo re- 


fo re. 
but in 
them, 
tracks 
of di- 


which 


> Sun, 
TH z 


their 
its of 
IS. 

re ten 
Hoon, 


which 
er has 
3 and 


Ever 


* 


dock Vo ASTRONOMY. gg 


Every primary planet is ſuppoſed to have two motions, namely, annual 


and diur nal. | | 8 | ? 
17. The AnNUAL Morton of a planet is that whereby the planet is 
carried in its orbit round the Sun; which in every one is found by obſer- 


N 


jation to be from welt to eaſt. 


This motion is diſcovered by the planets changing their places in the 
celeſtial ſphere; upon the ſurface of which they appear to move among 
the fixed ſtars ; and in certain times to return to the ſame ſtars from which 
they were ſeen. to depart; and ſo on continually. 


18. The Dux NAL Moriox of a planet is that by which it turns or - 


ſpins about its axis, and is alſo from weſt to eaſt. 
This motion is diſcovered by the ſpots that are 
furfaces of the planets. The ſpots appear firſt on the eaſtern margin, or 
kde of the plauet, and gradually move from thence acroſs it, till they diſ- 
appear on the weſtern ſide, or limb; after a certain time they appear again 
on the eaſtern ſide, and ſo on. . 85 Fi Sa 
19. Each planet is obſerved always to paſs through the conſtellations 
fries, Taurus, Gemini, Cancer, Leo, Virga, Libra, Scorpio, Sagittarius, 
Capricornus, Aquarius, Piſces; and it alſo appears, that every one has a 
track peculiar to itſelf ; hence the paths of the 11x planets form among the 
ſtars a kind of road, which is called the Zopiac, the middle path of 
which, called the EcLIir ric, is the orbit deſcribed by the Earth, with 
which the orbits of the other planets are compared. Do | 
As the ecliptic runs through twelve conſtellations, it is ſuppoſed to be 
divided into twelve equal parts, of 30 degrees each, called ſigns, having 
the ſame names with the twelve conſtellations which they run through. 
20. The EqQuinocTIAL PoinTs are thoſe two points of the Eeliptic, 
oppoſite to one another, through which the Earth paſſes in its annual mo- 
tion, when the length of the day and night is equal in all parts on the Earth. 
One of theſe points, called the VERNAL Equinox, anſwers nearly to the 
20th of March; and the other, called the AUTUMNAL Equinox, nearly 
to the 22d of September. | | 1 5 Ly 2 
21. The Plane of the Ecliptic is ſuppoſed to divide the celeſtial ſphere 
into two equal parts, called the northern and ſouthern celeſtial hemiſpheres z 
and any body:in either of theſe hemiſpheres is ſaid to have north or ſouth 
latitude, according to the hemiſphere it is in: So that the LATITUDR 
of a celeſtial object is its neareſt diſtance from the ecliptie, taken on the 


ſphere. 


The Planes of the other five orbits are obſerved to lie partly in the 
northern, and partly in the ſourthern hemiſphere; ſo that every one cuts the 
ecliptic in two appoſite points called Nopks. One called the AscEND-· 
ING Nope, marked thus, gg, is that through which the planet paſtes 


when it moves out of the ſouthern into the northern hemiſphere; and the 


other called the DescenDING NoDE, marked thus, Q, is that through 
which the planet muſt paſs in going out of the northern into the ſouthern 
hemiſphere. | : 


The right line joining the two Nodes of any planet, is called the Line 


OF THE NopzEs. | be 5) + | 
22, The names of moſt of the conſtellations were given by the ancient 


Aſtronomers, who reckoned that ſtar in Aries, now marked y, (according 
Ht | I _ ts 


O 4 


ſeen by teleſcopes on the 


— 
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to Bayer's = to be the firſt point in the ecliptic; this tar being next 
the Sun when he entered the Vernal Equinox; and at that time each con- 


ſtellation was in the ſign by which it was called. But obſervations ſhew, 


that the point marked in the heavens by the Vernal Equinox has been con- 
ſtantly going backward by a ſmall quantity every year, from which. cauſe 
the ſtars appear to have advanced forward as much; ſo that the conſtel. 
lation Aries is now removed almoſt into the ſign Taurus, the ſaid firſt far 
1 having got almoſt 30 o degrees forward from the equinox ; which dif. 
ference is called the PRECESSION OF THE EQUINOXEs, and the yearly 
alteration is about 50 ſeconds of a degree, or about a degree in 72 yearr, 
23. It was faid in art. 12, that the planets revolved round the Sun in 
orbits nearly circular and concentric : for the ſeveral phænomena ariſing 


from their motions ſhew they are nat ſtrictly ſo; and the only curve they. 


can move in, to reconcile all the various appearances, is found to bear 
Ellipſis: So that the orbits of the primary planets and comets are Ellipſes 
of different curvatures, having one common focus, in which: the Sun is 
fixed. But every ſecondary planet reſpects the primany planet round which 
it revolves, as the focus of its elliptic motion. For as no other ſuppoſitions 
can ſolve all the appearances that are obſerved in the motions of the pla- 
nets, and as theſe agree with the ſtricteſt phyſical and mathematical Ar" 
ing, therefore they are now received as elementary principles, 

24. The line of the nodes of every planet paſſes through the Sun: Fo or 
as the motion of every planet is in a plane paſſing through the Sun, con- 
ſequently the interſections of theſe planes, that is, the nee: of the nodes, 
muſt alſo paſs through the Sun. 

25. All the planets, in their revolutions, are Gnas nearer to, fore 
times farther from the Sun: This is che conſequence of the Sun not being 
placed in the center of each orbit, and of their being ellipſes. 

26. The APHELION, or SUPERIOR APSIS, is that point of the orbit 
where the planet is fartheſt from the Sun. The PERItAHELION, or INT E- 


RioR Aps15, is that point where it is neareſt to the Sun: And the tranſ- 
verſe diameter of the orbit, or the line joining the two apſes, — tho 


LINE oF THE APSES, or A'SPIDES. 


: 27, The planets move faſter as they approach the Sun, or come 2 | 


to the perihelion, and ſlower as they recede from the Sun, or come nearer 
to the aphelion. This is not only a conſequence from the nature of the 
planets motions about-the Sun, but is confirmed by all good obſerva. 
tions. 

28. If a right line drawn from the In through any planet, ſilly 
called the Radius Vector, is ſuppoſed to revolve round the Sun with the 
planet, then this line will deſcribe or paſs through every part of the plane 


of the orbit; ſo that the Radius Ty may be laid to deſcribe the area of 


the orbit. 
29. There are two chief laws obſerved | in the Sola Syſtem, which r res 
gulate the motions of all the planets ; namely: 
= 


I, The planets deſcribe equal areas. in equat times : That is, in equal por- 


tions of time the Radius Yefor detcribes equal areas, or rome of 


* ſpace contained _—_ the planet's commer fie 2-11 x16 


11 


— — „ 2 © — ap MH 
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0 Il The fquares: of the periodical times x the planets are as the cubes 'of 
| h 


their mean diſtantes from the Sun: at is, as the ſquare of the time 


which a planet A takes to revolve in its orbit, 1s to the ſquare of 


the time taken by any other planet B to run through its orbit; ſo is 
the cube of the mean diſtance of A from the Sun, to the cube of the 
mean diſtance of B from the Sun. | 75 : 
307 L he MEAN DISTANCE of a planet from the Sun is its diſtance. 
from him, when the planet is at either extremity of the conjugate diame- 
ter; and it is equal to half the tranſverſe diameter. 


31, The foregoing laws ate the two famous laws of KEPLER, a great 
Aſtronomer, who flouriſhed in Germany about the beginning of the 17th 
century, and who deduced. them from a multitude of obſervations : But 


the firſt who demonſtrated thefe. laws was the incomparable Sir I8aac 
Nzw rom 7750 $4458 5 bt 4 £58 | | 3 

By the ſecond law, the relative diſtanees of the planets from the Sun 
are known; and were the real diſtance of anyone known, the abſolute 
diſtances of all the others would be obtained by it. a 

32. Every thing already ſaid of the planets is found in a great meaſure 
to be applicable alſo to the comets, as well from the obſervations that have 
been made of them, as from the phyſical and mathematical conſiderations 
ol their motions. + tm 7 85 1 5 | 4 EAT. Son 
33. Were the motions of the planets to be obſerved from the Sun, 
each of them would 'be' ever ſeen to move the ſame way, though with 
different velocities ; thoſe nearer to the Sun running their courſes through 
the Zodiac in leſs time than thoſe at greater diſtances: And hence it 


would happen, that ſome of them overtaking the others would in paſſing 
by them appear to be ſometimes above, ſometimes below, and ſometimes 


as if they touched one another, according to the parts of the orbits in 
which taoſe planets happened to be with reſpect to their nodes. 
34. When two planets are ſeen together in the ſame ſign equally 


advanced, they are ſaid to be in ConJuncTION : But when they 
are in direct oppoſite parts of the Zodiac, they are ſaid to be in OrPo- 


SITION, i 54 
35. As the planes of the orbits are inclined to one another, therefore 
when two planets-happen to be in conjunction at the time they come 


near a node of one of them, they would be ſeen from the Sun apparently 


to touch one another; and the fartheſt of thoſe planets from the Sun would 
ſee the neareſt moving over the face of the Sun like a black ſpot, being 
then directly between the Sun and the remoter planet; ſo the planet Venus 
was obſerved from the Earth in the tranſits of the years 1761 and 1769. 
Alſo, ſhould an oppoſition of two planets happen near a node of one of 
them, the ſun, being then directly between them, would hide the light of 
one from the other. "Theſe obſcurations, or interceptions of the light of 
the planets one from the other, are called ECLipsEs. . DAY 

36. The place that any planet appears to occupy in the celeſtial ſphere, 
when ſeen by an obſerver ſuppoſed to be in the Sun, is called its Helio- 
centric place : And indeed all celeſtial appearances, as ſeen from the Sun, 
as called Heliocentric phanomend, 


37. The 
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The following table exhibits at once ſome of the moſt material con. 
dalia that have been deduced from the obſervations hitherto made, the 
mean diſtance of the Earth from the Sun-being reckoned at 1000. 
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238. By all the obſervations made on the « bear, a it ap- 


x{t. That the fatellites revolve round their ſuperior planets. from weſt 
to caſt, in curved-lined orbits like ellipſes, the primary planet being in the 
— 3 one of the orbit's diameters directed toward the Sun. 
2d. That the planets of the orbits of the ſatellites are inclined to the 
plane of the orbit of their reſpeRive planet. 
I. That, like the primary planets, they defcribe equal areas. in equal 
- times; and the ſquares of the times of their reyglutions are as Ihe. be 
of the mean diltances from their primary planet. 


In every revolution of a moon round its primary planet, there muſt be 
two conjunctions betwixt the planet, moon, and Sun: namehy, once, 
when the moon is in that part of its orbit neareſt to the Sun; and once, 
when in that part of its orbit fartheſt from the Sun: And an eclipſe 
may happen at either conjunction, as the moon's nodes hap- 
pen to be poſited at thoſe times. For the plane of a moon's orbit is in- 
clined to that of its primary, and ſo makes two nodes: And whenever 
the Sun, planet, and moon happen to be at the fame time in the line of 
the nodes, there muſt be an eclipſe; which would occur at every con- 
An but for e ee he orbit. 


| Ove of the -conjunRions, 5 analy, tht made by the wobl going he- 
yond the primary, from the Jun, is called the — ConJuNcTioON; 


And the other, by the ſatellite on the ſide: of UE! 1 next the Sun, 18 
called bog enn ken eee. 71 


, 


The 
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The following table ſhews the time taken by each ſatellite in its re- 
yolution, and allo its mean diſtance from the primary in ſemidiameters 
of its | 3 | 1 
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upiter's ſatell. by | | - 597 | 
bil. from Jop x1. ſ. diam. 143.diam. di * * | 


The Moon. 29 12 4. 0 and is dift. from the Earth 60% ſemidiameters. 
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30. Of the Figure and Light of the Planets. 
That the Sun and planets are ſpherical bodies is evident from all the 
obſervations that have been made of them; and that the Earth is of like 
figure is not only deduced by analogy, but ſufficiently confirmed by ob- 
ſervation x. Now although Aſtronomers generally ſay that the planets 
are ſpherical, yet they do not mean a Geometrical ſphere, but a figure 
called an oblate ſpheroid, which is ſomething like the figure that a flexi. 
ble ſphere would be formed into by gently prefling it at its poles. Ob- 
ſervations have determined this in Jupiter, and it is known that the Earth 
is of this figure both from obſervations and actual menſuration. 
That the planets muſt have this oblate figure, is evident from this con- 
ſideration 3 that a y are of matter, and violently whirled on their 
axes, all the parts Wu endeavsur to fly off, like water from a trundled 
mop; thoſe in the equstor moving twifteſt, have the —— tendency to 
depart : And although the parts are retained in the ſphere by the ſuperior 
force of gravity, yet the equatorial diameters will be ſomewhat increaſed, 
and the polar leſſened. Ee 
41, The planets are all opake or dark bodies, and conſequently ſhine 
only by the light they receive from the Sun: This is known by ob- 
{crving, that thoſe bodies are not viſible, when they are in ſuch parts of 
their orbits as are between the Sun and Earth, or partly ſo. Now, as 
all the planets ſometimes appear with a ſtrong light, therefore the rays 
they receive from the Sun muſt convey to them a degree of warmth pro- 
portional. in ſome meaſure to their diftance ; which proportion is recipro- 
cally as the ſquares of the diſtances ; and this muſt be readily inferred 
from the heat which the inhabitants of the Earth receive from the Sun. 
42. As a planet revolves on its axis, every part of its ſurface will be 
turned toward the Sun, and ſo enjoy its light and heat. 
——— ̃ — HD ee e ER 
' * Obſervations ſhew, that in eclipſes of the moon the darkened part is 
bounded by a circular curve; and conſequently the body, which caſts the 
. ſhade, or obſtructs the light, muſt be bounded by a like curve: but as theſe 
obſcurations are cauſed by different parts of the Earth, confequently its ſur- 
hace maſt. be limited by a circular figure, that is, it muſt be-gtobular. 
| N | SECTION 
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R | BECTION n 
Of Terreſtrial Aſtronomy. | 


| 43. TERRESTRIAL ASTRONOMY is that which conſiders the motions 
| olf the celeſtial bodies as ſeen from the Earth, which is alſo in motion, 
The motions deſcribed in the preceding ſection were. ſuch, as would 
appear to an obſerver viewing the heavens from the Sun: But were he 
placed in one of the planets, ſuppoſe the Earth, and there obſerved the 
motions of the reſt, the Sun, and other planets, would appear to him to 
_ revolve round the Earth as a center; but the Sun would be the only one 
that moved uniformly the fame way: For the other planets would ſeem to 
move ſometimes from weſt to eaſt, and then to ſtand ſtil}; then they would 
ſeem to run from eaſt to weſt ; and after ſtanding ſome time, they would 
again move from weſt to eaſt, and ſo on continually. 8 | 
| | 44. The place in the celeſtial ſphere that any planet appears in, when 
3 | ſeen from the center of the Earth, is called its GeoceEnTRIC PLace, . | 
45. The Dix ECT MorT1on of a planet is that by which, it appears to 
1 move from weſt to eaſt, and: this motion is ſaid to be according to the or- 


| dier of the figns, or in conſequentia. - When the planet appears to ſtand ftill, 
| it is ſaid to be STATIONARY; and when its motion is apparently from 
ſ eaſt to weſt, it is then called RETROGRADE, or has a motion in antece- 


dentia, or contrary to-the order of the ſigns. - Theſe different appearances 
follow partly in conſequence of the obſerver being himſelf in motion 
while he is viewing the motions of the planets, and partly becauſe he is 
not in the center of the motions which he obſerves  - _ 


46. The Phenomena of the Inferior Planets.. See Fig. 1. Plate IV. 


: 
4 
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Let azc repreſent an are of the celeſtial ſphere; Eo the Earth's or- 
bit; LNIG the orbit of an inferior planet, as of Venus; and s the Sun: 
Let the Earth at firſt be ſuppoſed to ſtand till in its orbit at E: Now it 

is evident that the Sun will appear at the point B, and the planet always 
within the arc Ac. Whilſt the planet moves in its orbit from 1 through 

Q to N, it will ſeem to move from B to A in conſequentta :, But paſſing 
from N to L, it will ſeem to an eye at E to return back from A to B, or 
be retrograde, While the planet is at, or near, the point v, and moving 

as it were in a right line toward the Earth, it will for ſome time ſeem to 
ſtand {till near A, and it is then ſaid to be fationary, | | 

47. When the planet is in that part of its orbit d or , which is 

; contiguous to the tangent EA or EC, it will then appear at A or C, 
h its greateſt diſtance from the Sun, and is ſaid to have then the greateſt 
\ ELONGATION: This elongation is meaſured by the angle sECOG. The 
; more diſtant a planet is from the Sun, the greater will its angle of elonga- 

| Woe | | tion 


me Sun being known gives that of the Earth, therefore Aſtronomers ſpeak 


non be; that of Venus is about 48 degrees, and that of Mercury about 28 


degrees. ; | ; Et i, 
ate ſpace of a revolution, the two inferior planets will, with reſpect to 
the Earth, undergo two conjunctions; one when it is beyond the Sun at, 
V the other when it is at L between the Sun and the Earth ; the former is 
called the ſuperior, and the latter the inferior conjunctiun. 


18. Whilſt Venus goes from her ſuperior conjunction, ſhe appears in 


the arc BA always to the eaſtward of the Sun, and therefore ſets ſome time 


after the Sun, and is called the evening flar. But during the time ſhe is 


ing from her inferior to her ſuperior conjunction, ſhe will be ſeen ſome- 
where in the arc BC to the weſtward of the Sun, and ſo will ſet before him 


in the evening, and riſe before him in the morning; hence ſhe is called the 


morning ſtar. 1 8 ; | | | 
. Hitherto the planet only has been ſuppoſed to move while the Ear.h 
ſtood ſtill ; but when both move, the foregoing phenomena will be much 


the ſame, only the planet will be more direct in the fartheſt part of the 
orbit, and leſs retrograde in the neareſt ; the former ariſing from the ſum 
of their motions, and the latter from the difference. | 


4 Of the Phanomena of the Superior Planets. 


The direct, ftationary, and retrograde appearances of the ſuperior pla- 
nets, are explained much after the ſame manner as thoſe of the inferior ones, 
but with theſe differences. - | | | 


| 1ſt, The retrograde motions of the ſuperior planets happen oftener the 


flower their motions are, as the retrogradations of the inferior planets hap- 
pen oftener the ſwifter their angular motions are: Becauſe the retrograde 
motions of the ſuperior planets depend upon the motions of the Earth, but 
thoſe of the inferior on their own angular motions, A ſuperior planet is 


retrograde once in each revolution of the Earth; an inferior one, in every 


one of its own revolutions. * . | 
2. The ſuperior planets do not always accompany the Sun as the in- 


ferior do, but are often in oppoſition to him; which neceſſarily follows 


from the orbit of the Earth being included in the orbits of the ſuperior 
planets, | | 8 If | | | 


50. = Of the apparent Motion of the Sun, 


As a ſpectator in the Sun would ſee the Earth revolve through the ſigns 
in the ecliptic ; ſo to a ſpectator in the Earth the Sun apparently revolves 
the ſame way, but is always in-the oppoſite point of the ecliptic : (For it is 


well known toevery one, eſpecially to thoſe who uſe the ſea, that fixed ob- 


jects appear to change their place by the motion of the obſerver :) So that 
the heliocentric place of the Earth, and the geocentric place of the Sun, 
are always in direct oppoſite points of the ecliptic. 5] 

Now although it is the motion of the Earth that really cauſes a great 


* 


variety in the apparent motions of the other planets, yet as the motion of 


of 
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of the motion of the ſun ; and in their computations uſe the quantities of | 


thoſe motions as if they were real. | 


51. Beſide the various appearances that ariſe- from the annua] motion. 


of the Earth, there are many reſulting from its diurnal motion : For that 
the Earth has a daily motion round its axis muſt neceſſarily be inferreg 


from the moſt ſtrict reaſoning on the motions of the planets : and the no- 
tion, that bodies ſo immenſely diftant as the ftars are, really revolye 
round the earth in 24 hours, is now treated as a great abſurdity by every 
ene who has rightly conſidered theſe things: However, as the motions 
are apparent, and the ſpeaking of them as real is cuſtomary. and no way 
affects the concluſions ; therefore Aſtronomers treat of thoſe motions as 
they appear. 73 > | | | 
52. Any ſphere revolving as on an axis, muſt have two points on its 
furface at the extremities of its axis, that do not reyolve at all; theſe 
points, with reſpect to the Earth, are called its poles. 55 


53. By the Earth's rotation on its axis from weſt to caſt in a day, the 
furface of the celeſtial ſphere appears to move from eaſt to weſt in the ſame - 


time; and all the celeſtia! objects appear to deſcribe circles in the heavens, 
which are greater or lefs according as they are farther from, or nearer 


to, the apparent centers of thoſe motions-:: For there are two points in 
the heavens which are apparently fixed, and the nearer any ſtars are to theſe 


points, the ſlower are their motions. Theſe points are called the CELes. 
TIAE POLES ; the right line joining them is called the Ax1s OF THE 
SPHERE, and pafles through the poles of the Earth; the circle in the 
heavens, equally diſtant from the poles of the celeſtial ſphere, is called the 
EQUuiNoCTIAL ; the correſponding circle on the Earth is called the EqQUa- 
TOR, which is equally diftant from both the poles of the Earth. 

54. As the Sun's. rays falling on any ſphere enlighten one half of its 
ſurface; therefore one half of the Earth is always illuminated at once, and 
conſequently the enlightened part is bounded by 2 great circle, which 


may be called the TERMINATOR, from its property of terminating, or 


bounding, the verges of light and darkneſs. Now, by the rotation of the 


Earth on its axis once in 24 hours, there will be a conſtant fucceffion of 


light on all parts of its ſurface as they are turned toward the Sun, and of 


darkneſs in thoſe parts as they move out of his rays; and hence ariſe the 


viciſſitudes of Day and NIGHT. 


35. If the plane of the equator coincided with the plane of the ecliptic, - 


and the axis of the Earth ſtood perpendicular to it, the terminator would 
always paſs through the poles of the Earth, and there would be a conſtant 


_ equality of day and night in every part of its ſurface, except at the two 
_ poles, where there would be conſtant day. But the contrary of this is 


known to every one, and obſervations ſhew, that the Earth's axis is in- 
clined to the plane of the ecliptic in an angle of about 66+ degrees ; there- 
fore the poles of the ecliptic and equator are about 234 degrees diſtant 
from one another; conſequently the ecliptic and equinoctial, which in the 


| heavens interſect one another in the oppoſite points of Aries and Libra, 


make at thoſe interſections angles of about 234 degreees (IV. 33): This 

angh is called the OBLitQuiTY oF THE ECLIPpTic.: > 208 
The axis of the Earth being thus inclined to the plane of the ecliptic, 
and moving parallel to itſelf in all points of the ANNUAL OR81T, or 
I ecliptic, 


4 


«tic, is the occaſion of the inequality of days and nights, and of the 


erent ſeaſons of the year; which two phænomena ate explained as 
— muſt be obſerved, that the Sun will appear to be vertical to that 

of the Earth, which is cut by a ſtraight line joining the centers of the 

J. Now when the Earth is at yy, Fig. 3. Plate IV. the Sun appear- 
ing then in $ will be vertical to that point of the terreftrial ecliptic, it 
lying in the right line joining the centers of the Sun and Earth, And this 
point being in the Earth's northern hemiſphere, all thoſe who live there 
will enjoy ſummer, or the hotteſt time of the year, the folar rays falling 
more copiouſly, and more perpendicularly, upon their hemiſphere at that 


MS 0 0 03 fb + os 


* At the ſame time the inhabitants of the ſouthern hemiſphere will 


have winter, the rays of the ſun falling more obliquely, and in leſs quan- 
tity, on them, and conſequently affording them leſs heat. 

59. Again, the inhabitants of the northern hemiſphere will have their 
days longer than their nights, in proportion as they are more diſtant from 
the equator 3 While thoſe who live under the equator will have an equal 
ſhare of day and night all the year round. For in this poſition the termi- 
nator, which is always at right angles to the plane of the ecliptic, will pafs 
231 degrees beyond the north pole, and conſequently will cut all the 
circles parallel tothe equator which it meets with into two unequal parts: 
thoſe that are in north latitude will have the greater portions of thoſe pa- 
rallels in the enlightened hemiſphere : but the terminator being a great 
circle, will cut the _ into two equal parts; therefore half the equator 
is always illuminated. | | 
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bo. Hence it neceffarily follows, that thoſe who live under the equator 
will have their days and nights equal: thoſe who hve within the limits of 
231 degrees round the north pole, will have no night; and the inhabi- 
tants between this limit and the northern neighbourhood of the equator 
will have their nights ſhorter than their days. In the mean time thoſe 
wholive in the ſouthern hemiſphere will have their nights longer than their 
days, in proportion as they approach nearer to the ſouth pole; and the 
tegions contained within the — of 232 degrees round the fouth pole 
will have no day. 5 3 $f 

61, Suppoſe the Earth now to move in its orbit from w through the 
ſigns er, & to , the Sun will ſeem to run through the ſigns &, If to ; 
and this will be the place of the Sun in autumn. : | 

While the Earth is in Y, the days and nights will be equal in both 
bemiſpheres, and the ſeaſon is a medium between ſammer and winter: 
For at that time the Sun will appear vertical to the equ tor, becauſe a right 
Jine joining the centers of the Sun and Earth will then cut the ſurface of 
the Earth in the equator : ſo that the terminator, the plane of which is al- 
ways at right angles to the ſaid line, will paſs through the poles ; conſe- 
quently, all the Earth will then have an equal ſhare of day and night. And 
becauſe. the rays of the Sun then fall perpendicularly upon the axis of the 
Earth, it will then follow, that they muſt fall with an equal obliquity, and 
wich equal number, upon either hemiſphere; thereiore they mult enjoy an 
equal degree of heat and cold. : | ; 
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No ſuppoſe the Earth to move frem V to S, the Sun will ſeem to 
move from 4 to W, where it will be in its neareſt approach to the ſouth 
pole; and at this time of the year it will be winter in the northern hemi. 
ſphere. For to this hemiſphere the like phænomena will now happen 
which did before to the ſouthern, when the Earth was in vs; and 'by a 
parity of reaſon, when the Earth has got as far as , and the Sun is ag. 
parently in V, the northern hemiſphere will enjoy ſpring, and the touthery 
will have autumn” _ | tay. A, e 
62. The four points of the ecliptic, in which the Earth has been con- 
ſidered in ſummer, autumn, winter, and ſpring, are called the four Cay. 
DINAL POINTS ; W and S are called SOLSTITIAL PoiNTs ; : and 7 
EqQuinocTIAL POINTS. ages; 25 . 
63. The firſt point of Cancer is called the SUMMER SoLsTICE ; be. 


eauſe when the Sun enters it, which is about the 21ſt of June, he has then 


got to the greateſt extent northward, and being about to return toward 
the equator, he ſeems for a day or two to be at a ſtand. And for the 
fame reaſon, the firſt point of ee which the Sun enters about the 
21ſt of December, is called the WINTER SOLSTICE, with reſpect to the 
northern hemiſphere. © 1 88 | 

64. The firſt points of Aries and Libra are called the VERNAI. and 
AUTUMNAL EGuINxocCTIAL PolNTs, from the equality of days and nights 
all over the ſurface of the Earth, when the Sun enters thoſe points. 


65. Of the Riſing and Setting of the Stars. 


There is only one half of the celeſtial ſphere viſible at one time to any 
Obſerver on the ſurface of the Earth, the other half being bid by the Earth 
itſelf. Now the apparent plane on which the obſerver ſtands, ſeems to 
be extended to the heavens, and there marks out a circle that divides the 
viſible from the inviſible hemiſphere ; this circle is called the Hor1zon, 
aoove which all the celeſtial motions are ſeen. When this horizon is a 
great circle of the celeſtial ſphere, it is called the Ratiowvar Hok1zon: 
but when by the particular ſituation of the obſerver, he ſees more or leſs 
than half the celeſtial ſphere, then the circle bounding his view is called 
the SENSIBLE HoR17oN. 85 = "4 
The horizon is one of the moſt uſeful circles in Aſtronomy; for to this 
circle, which is the only apparent one, almoſt al} the celeſtial motions are 
referred. It is the common termination of day and night; it marks out 
the times of the riſing and ſetting of the Sun and ſtars, and many other 
particulars, of which hereafter. 85 


66. 1 Of Parallaxes. | 

The PARALLAX of any object is. the difference between the places that 
object is referred to in the celeſtial ſphere, when ſeen at the ſame time from 
two difterent places within that ſphere : Or, it is the angle under which 
any two places in the inferior orbits are ſeen from a ſuperior planet, or 
even from the fixed ſtars: But the parallaxes which are moſt uſed by 


Aſtronomers are thoſe which ariſe from ſeeing the object from the cen- 
| | = tes 
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ters of the Earth and Sun; from the ſurface and center of the Earth ; and 
from all three compounded. & 3 
67. The difference between the heliocentric and geocentric place of 


i planet, is called the parallax of the annual orbit (namely, that of the 


Farth); that is, the angle at any planet, ſubtended by the diſtance be- 
tween the Sun and Earth, is called the parallax of the Earth's, or annual 


orbit. | _ 
68. The difference in the two longitudes is called the parallax of 


longitude ; and that of the two latitudes is called the parallax of lati- 
tude, „ | 

60. In the SYZIGIES, that is, in the oppaſitions or conjunctions, the Sun 
ind planet being equally advanced in the ſame ſign, or in like places in op- 
polite ſigns, the parallax of latitude is then greateſt, * 85 

70. And when. the planet is in its QUaDRATURES, that is, when it 


is 90 degrees diſtant from the Sun, the parallax of longitude is then the 


greateſt. 


71. To explain the parallaxes which reſpe& the Earth only, Fig. 2. 


Plate IV. | 


Let Hs w repreſent the Earth, where r is the center; ox part of the 
Moons's orbit, prg part of a planet's orbit, and za part of a great circle 
in the celeſtial ſphere, Now to a ſpectator at s upon the ſurface of the 
Earth, let the Moon appear in ©, that is in the ſenſible horizon of s, and it 
will be referred to A; but if viewed from the center T, it will be referred 
to the point o, which is its true place. og es 7 — 8 

The arc AD will be the Moon's parallax; the angle sor the parallactic 


angle: Or the parallax is expreſſed by the angle under which the ſemidia - 


meter Ts of the Earth is ſeen from the Moon. : : | 
If the parallax is conſidered with reſpe& to different planets, it will 


be greater or leſs as thoſe objects are more or leſs diſtant from the 


Earth, Thus the parallax AB of & is greater than the parallax ad of g. 


If it is conſidered with reſpe& to the ſame planet, it is evident that the 


horizontal parallax (or the parallax when the object is in the horizon) 
ie greateſt of all; and diminiſhes gradually as the body riſes above the 


horizon, until it comes to the zenith, where the parallax vaniſhes, or be- 


comes equal to nothing. Thus Ap and Ad, the horizontal parallaxes 


of o and g, are greater tban aB and ab, the parallaxes of R ander; and 
the objects o or P, ſeen from s or r, appear in the ſame place z, or the 


Zenita, 

72. By knowing the parallax of any celeſtial objeR, its diſtance from 
the center of the Earth may be eaſily obtained by Trigonometry. Thus, 
if the diſtance of 6 from T is ſought ; in the triangle s 10, the fide s be- 


ing known, and the angle sor determined by obſervation, the ſide TG is 


thence known. | | 

The parallax of the Moon may be determined by two perſons obſerving 
her from different ſtations at the ſame time, ſhe being vertical to the one, 
and horizontal to the other : and it is generally concluded to be about 57 


minutes of a degree; conſequently her mean diſtance T@ is about 60 ſemi- 


diameters of TE Earth, or 60 times 78. RE 

But the parallax moſt wanted is that of the Sun, by which his ab- 

_ A from the Earth would be known; and thence the abſo- 
OL, . : 825 
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jute diſtances of all the other planets would be obtained from their relative 
diſtances found by the ſecond Keplerian Lau. | 

Before the year 1761 ſome Aſtronomers reckoned the San's parallax 
at 122 ſeconds, others at 10; theſe different porallaxes gave very dif. 


ferent diſtance between the Sun and the Earth; the former making the 


diſtances near 8270 diameters of the Earth, and the latter 103134. 


meters. 


But in the years 1761 and 1769 the planet Venus paſſed between the 
Earth and the Sun, and was ſeen like a black ſpot moving over the face 
of the Sun. Theſe phenomena (which had not happened in more than 


Ico years before) were obſerved by many Aſtronomers from different 


parts of the Earth, and the reſult of their obſervations make the Sun's 
mean parallax about 83 ſeconds, and hence the mean diſtance between 
the'Sun and Earth comes very nearly to 11900 diameters of the Earth: 
And from what was ſhewn many years ago by the excellent Dr, Halley, 
if theſe obſervations were made with the accuracy he- ſuppoſed, the dif. 
tance between the Sun and the Earth might be obtained to leſs than a 
5coth part of the whole diſtance. 


73. 07 the Meaſure of the Eartb. 


The relative diſtances of the planets are diſcovered by the 2d Kepleria 
Law, and their relative magnitudes are gathered from the angles which 


they appear under (when viewed with very accurate inſtruments) com- 


pounded with their diſtances. Now as theſe diſtances and magnitudes 
can by means of the parallaxes be compared: with 'the diameter of the 
Earth, conſequently this diameter being accurately known would ſerve a 
a meaſure with which the magnitudes and diſtances of all the other planets 

might be eompared. : | | | 
To find the meaſure of the Earth is a problem of ſuch importance in 
Aſtronomy, that it has been attempted by ſome of the moſt conſiderable 
men in almoſt all the preceding ages. Butits ſolution was not brought to 
any degree of accuracy till the year 1635, when it was very nearly aſcer- 
tained by our countryman RIc HARD NoRwoop, an eminent mathemi- 
tician at that time. The principle he proceeded upon was this, that as 
360 degrees were contained in every great circle, both of the celeſtial ſphere 
and of the Earth, and as theſe circles are conſidered as concentric to the 
center of the Earth; therefore, were the meaſure of a degree known ona 
great circle of the Earth, correſponding to a degree of a great circle af 
the heavens, then, by analogy, the whole circumference of a great circle 
of the Earth would be known in that meaſure, and conſequently its dia- 
meter would be obtained. WE 1 (II. 197) 
Nokwoop ſolved this problem in the following manner: He choſe 
two diſtant places which were known to lie nearly north and ſouth one 
of the other, as London and Vork; and by a method like that of 
Fraverſe failing (explained in Book VII.) he found their difference of le- 
titude, or, the diſtance between the parallels of latitude paſſing through 
thoſe places; or, which is the ſame thing, the length of that arc of tie 
terreſtrial meridian. He alſo with a good inſtrument found the _ 
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between the zeniths of thoſe places, and conſequently he thence knew 
the quantity of the celeſtial arc anſwering to the meaſured terreſtrial 
one. Then ſaying, As that celeſtial are is to a great circle of the ce- 
[tial ſphere, or 360 degrees; ſo is the arc of the terreſtrial great circle 
meaſured in feet, to the circumference of à great circle of the Earth in 
et meaſure. SAC pant 

And thus he found that about 694 Engliſh miles anſwered to one degree; 
hence the circumference of the Earth appears to be 25020 miles, and its 
diameter about 8000 miles. | 5 


By the ſame kind of reaſoning, the diſtances found in art. 72. from the 
parallaxes, were obtained. 


For 123 3600; 2 1 ſemi-diam. a 103680 |  C Circumference of the 
10 : 360 :: 1 ſemi-diam. : 129600 þtheq Earth's orbit in ſemi- 
82 : 360 :: 1 ſemi-diam.: 149538 ( diameters of the Earth. 


And 6, 283 188: 103680 :: 1: 555 15 diſt. of the Earth 
the 


6,28 3188: 129600 : : 1: 20626, 4 from the Sun, in ſemi-d. 
6,2831898 : 149538 : : 1: 23799, 8 of the Earth. (II. 197) 


Then 165 39,5 X 4000 = $2505000 0 ES diſtance of the 
: the 


20626,4 Xx 400 = 82505600 Earth from the Sun, in 
23799.8 * 4000 = 95199200 miles. 


1 ae on 


The Moon revolves in her orbit from weſt to eaſt round the Earth, : 
and is carried perpetually with it through the annual orbit round the 


* making in the ſpace of one year 13 periodical, and 12 ſynodical revo- 
tions. | ; | 

75. A PERIODICAL MoNnTH, or REVOLUTION, is the time the Moon 
takes up in revolving from one point of her orbit to the ſame point again, 
and conſiſts. of 27 d. 7 h. 43 m. | | 

76. A SYNoDICAL MonTH, or REVOLUTION, is the time the Moon 
{pends in paſſing from one conjunction with the Sun to another, which is 


29d. 12 h. 44 m.; being 2d. 5h. 1 m. longer than the Periodical. 


Minth, For whilſt the Moon is paſſing from her former conjunction with 
the Sun round to it again; the Earth has proceeded forward in its an- 
nual courſe, as it were leaving the Moon behind it; ſo that, in order to 
complete her next conjunction with the Sun, ſhe muſt not only come 
round to her former point again, but alſo go beyond it. 

77. Beſides this monthly motion of the Moon round the Earth, ſhe 
has alſo a motion round her axis, which is performed exactly in the ſame 
time with her periodical revolution : Hence it comes to paſs, that the 
lame face of the Moon is always turned toward the Earth, her diurnal 
motion turning juſt as much of her face to us, as her periodical motion 
turns it from us. 3 t 
78. Though the ſame ſide of the Moon is ever turned toward us, yet 
11s not always viſible, but ſeems . to put on different 3 
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79. 
tween the Sun and Moon, the latter loſes her light during the time of that 


the plane of the ecliptic, or nearly ſo, the ſhadows of the Earth and Moon 


except when the Moon is in her nodes, the nodes and Sun's center being 


* 


10 h 
called PHAsEs : For the Moon being an opake body like the reſt of the 6 
planets, borrows its light from the Sun, having always one hemiſphere en. 0 
lightened by the ſolar rays. | _ = b 
When the enlightened hemiſphere is wholly turned from the Earth, u Wil © 
at her change or time of new-moon, the planet then being betwixt us 

and the Sun, the Moon's whole enlightened face, or diſti, muſt need W 
be inviſible to the Earth. When ſhe paſſes from this ſtate, and turn; t 
ſome little portion of the illuminated half to us, ſhe muſt appear horned, fl 
the Cusps or points being turned from the Sun towards the eaſt, When y 
the Moon is in her quadratures, or at 9o degrees from the Sun, then half n 


the illuminated face becomes viſible : She afterward continues to ſhey 
More than half the enlightened diſk, until ſhe comes in oppoſition to the 
Sun or time of full-moon, when the whole of the illuminated orb is pre. 
ſented to us; from whence receding, ſhe muſt put on the like phaſes x; 
* but in an inverſe order, the cuſps being now turned toward the 
welt, | 8 | 5 


f Of Solar and Lunar Eclipſes. 
Eclipſes of the Sun and Moon can only happen about the times of the 
conjunctions and oppoſitions: thoſe of the Sun fall out at the conjune- 


tions, when the Moon intercepts the light of the Sun from the Earth; and 
thoſe of the Moon occur in the oppoſitions, when the Earth getting be- 


interpoſition. | | EY 
The cauſe why there is not an eclipſe in every ſyzigie is the inclination 

bf the plane of the Moon's orbit to that of the ecliptic, which is about 

5 187: for it is certain, that unleſs the Sun, Earth, and Moon, are all in 


can never fall on one another, but muſt be directed either above or be- 
low. Now they can never be in the {ame plane, and in one right line, 
in the ſame right line. 85 | | 

80. The ſolar and lunar-eclipſes do not happen every year in the ſame 
places of the zodiac, but in ſucceeding years they fall in-places gradually 
removed backward, or toward the antecedent ſigns : For ſince the nodes 
are found to go continually backward, the eclipſes muſt alſo obſerve the 
ſame order. TR | . 

81. Eclipſes of the Moon are either total or partial : the total happen 
when the node falls in or near the center of the ſhadow : and the partia}, 
when the node happens to be on either ſide the center, within or with. 
out the ſhadow. Now the longer the duration of a partial eclipſe is, ſo 
much the greater is that part of the Moon which enters into the ſhadow 
of the Earth. ä 8 8 

82. Hence it is uſual to conceive the Moon's diameter as divided into 12 
parts, called DiciTs, by which the greatneſs. of partial eclipſes is men 
ſured, they being ſaid to be of ſo many digits as they are parts covered by 
the Earth's ſhadow: Thus if 5 of the 12 parts are covered, it is called at 
eclipſe of 5 digits, e | | 5 

83. As the planet Mars is never eclipſed by the Earth, it is plain 
the thadow of the latter does not reach ſo far as the orbit of the _ 


—_ 
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but tapers to a point at a leſs diſtance ; and conſequently the Earth's ſha- 
low muſt be a cone, the vertex of which is extended beyond the orbit 
of the Moon. It naturally follows from hence, that the Sun is a much 
arger body than the Earth; it is indeed, in diameter, above 100 times that 
fthe Earth. | : | 

; 84. If a perſon was placed juſt at the vertex, or point of this ſhadow, he 
would ſee nothing of the Sun but a ſmall rim of light round his diſk ; and 


5 the farther the obſerver was removed from the vertex, the larger would the 
um tim of light appear, and conſequently the fewer rays would be intertepted 
* by the opake body, till at laſt it would appear only as a ſpot in the Sun; 
hat in like manner as the planets Venus and Mercury appear when they are 
"as ſen to paſs over the Sun's diſk, | 


85. What has hitherto beefi ſaid of the ſhadow of the Earth includes 


5 that of the atmoſphere ſurrounding the Earth: for in lunar eclipſes the 
* hadow of the atmoſphere is to be conſidered. And hence it is that the 


Moon is viſible in eclipſes, the ſhadow caſt by the atmoſphere being not 
near ſo dark as that caſt by the Earth. | . 

86. The Moon always enters the weſtern fide of the ſhadow with her 
eaſtern limb, and quits it with her weſtern limb; and in her approach to 
and receſs from the ſhadow, ſhe muſt paſs through a PEN UM BRA, or im- 


of the perfect ſhade, which is cauſed by the Earth itſelf, 


june. $7, In the ſame manner, in which it has been ſhewn that the Moon muſt 
nd come into the ſhadow of the atmoſphere, when ſhe is at full and at or near 5 
g be. node, it may alſo be ſhewn, that her ſhadow muſt fall upon the Earth at 


that tie time of new Moon, provided ſhe is in or near a node: But the pen- 
. umbra of the Moon's ſhadow is much more ſenſible in ſolar eclipſes, than 
nation i that accompanying the ſhadow of the Earth in lunar ones. 


about 


all in ae not ſeen fo oft as lunar ones; which is owing to the ſhadow of the 

Moon Moon being leſs than that of the Earth: For the Earth's ſhadow often 

or be. Wi covers all the Moon; but that of the Moon cannot cover all the Earth ; 

t line, d as it ſometimes falls on one part, ſometimes on another, it cauſes ſolar 

being eclipſes, in general, to be more frequent than lunar ones; yet to any de- 
terminate place on the Earth there are more eclipſes of the Moon viſible 

e ſame WW den of the Sun. | 

_—_ What has hitherto been ſaic, may ſuffice to give beginners a general idea 

; - he of the motions of the bodies in the ſolar ſyſtem, and of ſome of the pheno- 


mena thence ariſing ; thoſe who deſire to be farther acquainted with parti- 
culars, may find them fully treated of in M. de la Caille's Elements of Aſtro- 
nomy, publiſhed in Engliſh a few years ſince “; and alſo in the works of 
Gregory, Keil, and others, 8 
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$8, It is obſerved, that to determinate parts of the Earth ſolar eclipſes 
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SECTION III. 


The Aſtronomy of the Sphere. 
DeFiniTIoONS and PRINCIPLES. 

89. By the Aſtronomy of the ſphere is meant the finding, From oo 
things given, the meaſure of certain arcs and angles formed on the ur. 
faces of the celeſtial and terreſtrial ſpheres, by thi apparent motions of the 
bodies which are ſeen in the heavens. 

The ſurfaces of thoſe ſpheres are ſuppoſed to be concentric to the center 
of the Earth, and to have correſpondent circles defcribed on both ſpheres, 

90. Gxkar CixcrEs are thoſe which divide either ſphere into two | 
equal parts, 

LEssER CIRCLES, thoſe which divide the ſphere into unequal parts, 

The PoLEs of a eircle are the 7 50 on the yours equally diſtant from 
that circle. 

An Axis is a right line ſuppoſed to Sonst the poles, 

The CELESTIAL Axis | is that right line about which the heavens ſeem 
to revolve. 


The NoRTH and SOUTH Potns of the works are thoſe two points where 
the axis cuts the celeſtial ſphere. 


91. The EquinocTIAL or EqQUAToR, is the great circle of the ſphere 
equally diſtant from the poles of the world. | 

92. MeRiDIAns, or Hour CIRCLEs, or CiIRCLEs of Ricut ASCEN- 
' $ION, or CIRCILES OFT TERRESTRIAL LONGITUDE, are great circles 

perpendicular to the equator, and paſſing through the poles of the world 
93. The ECLIPTIC | is a great circle inclined to the equator in an angle 
of about 232 ?, and cutting it in two points diametrically oppoſite. 

The ecliptic is ſuppoſed to be divided into 12 equal parts, called 
Sioxs, beginning from one of its interſections with the equator ' each 
ſign containing 30 degrees, named and noted thus: | 

Aries * Esmini — #4 Igo 
* ar” S K 
N Scorpio Sagittarius by er Aquarius . wg 
* 


m 

The fert fix are called northern, and the * ſix 33 Fa 

94. The CARDINAL PoinTs of the ecliptic are the four firſt points 
of the ſigns Y, S, , W; thoſe of V and m arg called EQuinoCTIAL 
PoiNTs, and thoſe of 9 and W are called SOLSTITIAL PoINTs. 

95. The EQuINoCTIAL CoLURE is a meridian paſſing through the 
equinoftial points; and the SoLSTITIAL CoLURE is another meridia 
paſſing through the ſolſtitial points. The colures cut one n at 
right angles in the poles of the world, | 

96. Cina 
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96. CIRCLES OF CELESTIAL LONGITUDE are great circles perpendi- 
cular to the ecliptic. e i 
97. The LaTiTUpE of any point in the heavens is an arc of a circle of 
longitude intercepted between that point and. the ecliptic, and is called 
north or ſouth latitude, as the point is on the north or ſouth ſide of the 
chptic. | „ | | 
; k1 PARALLELS oF CELESTIAL LATITUDE are ſmall circles parallel 
to the ecliptic. | Ss 5 

9. The LonG1Tupe of any object in the heavens is an arc of the eclip- 
tic intercepted between the firſt point of Aries, and a circle of longitude 
paſſing through that point. | | 
100. The RicaT AsCENSION of any object is an arc of the equator, 
contained between the firſt point of Aries and a meridian paſſing through 
the center of the object: Or, it is the angle formed by the equinoctial | 
colure, and the meridian paſſing over that object. 

101. The DECLINATION of any object is an arc of a meridian con- 
tained between the center of the object and the equinoQial : If the object 
be on the north ſide of the equinoctial, it is ſaid to have north declination; 
but if on the ſouth ſide, it has ſouth declination, _ : 

102. The OBL1IQUITY oF THE ECLIPTIC is the angle made by the 
interſection of the equator and ecliptic, and is meaſured by the dun's 
rn declination 3 which, according to modern obſervations, is about 
27* 287. 5 | | - 

oy PARALLELS OF DECLINATION are ſmall circles parallel to the 
equinoCtial. The TRopic oF CANCER is a parallel of declination at 235 
28/ diſtant from the ſequinoctial in the northern hemiſphere ; and the 
Tropic of CAPRICORN is the parallel of declination as far diſtant in the 
ſouthern hemiſphere. | 
;T04. The ARCTIC PoLAR CIRCLE is a parallel of declination at 230 
28 diſtant from the north pole; and the AN T ARCTIC PoLaR CIRCLE 
is the parallel of declination as far diſtant from the ſouth pole. 

105. The ZENITH is the point of the heavens directly over a place; 
and the NADIR is the point directly underneath. | „ 

106. The HoRIZz oN is that great circle of the ſphere which is equally 
diſtant from the zenith and nadir of any place, and divides the ſphere into 
the upper and lower hemiſpheres. — "4 

107. The RISINð GG of a celeſtial object is when its center appears in the 
eaſtern part of the horizon; and its SETTING is when its center diſap- 
pears in the weſtern quarter of the horizon. | OE 

108. AZIMUTH, or VERTICAL CIRCLES, are great circles perpendi- 
_ to the horizon, palling through its poles, which are the zenith and 
nadir, | 


109. The PRIME VERTICAL is that vertical circle which paſſes through 
the eaſt and weſt points of the horizon, The MERIDIAN oF THE 
PLACE is a verticle circle paſſing through the north and ſouth points of 


I 


the horizon. hy 3 . 
110. The meridian of the place is called the ?welve o'clock hour circle. 
The hour circle at right angles to the meridian is called the fix o'clock 

 bour circle, a | | | 
111. The AZIMUTH of any celeſtial object is an angle at the zenith 
formed by the meridian of the _ and a vertical circle paſſing through 
1 5 | F 4 b | that 


"= 
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that object when it is above or below the horizon: And it is meaſured þ 
the arc of the horizon intercepted between thoſe vertical circles, 


112. The AMPLITUDE of any _ in the heavens is an arc of | 
the horizon contained between the eaftern point of it, and the center of 
the object at its riſing, or between the weſtern point of it and the center 


of the object at its ſetting; or it may. be taken as an angle at the 


zenith, included between the meridian of a place and a vertical circle 


paſſing through the object at its riſing or ſetting, = 85 

112. The ALTITUDE of any object in the heavens is an arc of a vertical 
circle intercepted between the center of that object and the horizon, 

114. The ZENITH DisTANCE of any object is an arc of a vertical 
circle contained between the center of that object and the zenith, 

The altitude and zenith diſtance are complements one ef the other. 
115. The MgRIDIAN ALTITUDE, or MERIůDIAN ZENITH Dig. 


TANCE, is the altitude or zenith diſtance when the object is on the meri- 


dian of the place. | 

116. The CULMINATING of any celeſtial object, is the time it fran. 
71, or comes to the Meridian. And the MEDIUM CoELt, or Min. 
HEAVEN, to any place, is that degree of the ccliptic, or part of the hea- 
vens, over the meridian of that place, at any time. Or the Mip-Heaven 
is the diſtance of the meridian from the firſt point of Aries, reckoned on 


the equincctial, 


117. The NoNAGESIMAL DecREE is the goth degree of the Ecliptic, 
reckoned from its interſection with the eaſtern point of the horizon, at 
any given time. e 


Conſequently the altitude or height of the nonageſimal degree above 
the horizon is equal to the diſtance of the poles of the ecliptic and ho- 


rizon; and is the meaſure of the angle which che ecliptic makes with the 
horizon, | | „ | 

118. ALMICANTHERS, or PARALLELS OT ALTITUDE, are ſmall 
circles parallel to the horizon. : ES. 

119, A PARALLEL SPHERE is that poſition of the ſphere in which 


the circles apparently deſcribed by the diurnal rotation, are parallel to te 


horizon 3 which can happen only at the poles. | | 
120. A RIGHT SPHERE is that in which the diurnal motions are 


at right angles to the horizon: Thus it appears in all places under the - 


equator, : - 

1 1 An OLIVER SPHERE has all the diurnal motions oblique to the 
horizon: And thus the motions appear to all parts of the Earth, except 
under the pales and equator. ö 

122. DIURNAL ARcs are thoſe parts of the parallels of declination of 


celeſtial objects which are apparently deſeribed between the times of the 


riſing 2nd ſetting of thoſe objects: And NocTURNAL ARCS are the parts 
of thoſe parallels apparently deſcribed from the time of ſetting to the time 
I > | 

123. SEMI-DIURNAL and SEMI-NOCTURNAL ARCS, or the halves 
of ciurnal and nocturnal arcs, are the parts of the parallels intercepted 
between the m-ridian an te horizon. "The correſoonding part of tie 
equator anſwering to the ſemi-diurnal arc, gives the times between noon 


and the riſing or ſetting; and the equatorial part anſwering to the ſemi- 


= _nocuma) 
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nocturnal are, ſhews the time between midnight and the time of ſetting 
iſing. | | 3 3 | 
nr The OBLiQue ASCENSION of any object in the heavens, is an 
irc of the equinoctial intercepted between the h:{t point of Aries and the 
eaſtern part of the horizon when that object is riſing; and the OBLIQUE | 
DESCENSION is an arc of the equinoctial intercepted between the fir ſt 
point of Aries and the weſtern part of the horizon at its ſetting. 
| 125, The ASCENSIONAL DIFFERENCE belonging to any celeſtial ob- 
ect is an arc of the equinoctial intercepted between the harizon and the 
bour- circle whigh the ohject is on when it riſes or ſets; or it is the dif- 
ſerence between the right and oblique aſcenſion of that object. In. the 
- Sun, it is the time that he riſes or ſets before or after the hour of fx. 
126, The LaT:iTUDE of any place on the Earth is an arc of a ter- 
reſtrial meridian contained between that place and the equator ; or it is 
zn arc of a celeſtial merician intercepted between the zenith of the place 
and the equinoctial; being north or ſouth, according to the fide of the 
equator It is o. . | 3 2 
127. he LONGITUDE of any place on the Earth is an are of the 
equator contained between the meridian of that place and the meridian 
' which is choſen for the firſt, where the reckoning of longitude begins: 
Or, it is the angle at the pole formed by the firſt meridian and that of 
the place. | 5 | s * | 
128 REFRACTI'N, in an aſtronomical ſenſe, is the difference be- 
tween the true and apparent altitudes of celeſtial objects; they appear- 
ing more elevated above the horizon than they really are, on account 
of the denſity of the Earth's atmoſphere, or air and vapours ſurround- 
ing it. | | 
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129. The PARULLAX OF A CELESTIAL OBJECT is the diſtance be- 
tween its place in the heavens, as ſeen from the center of the Earth, and 
its plac e when ſeen from the ſurface of it. | . 7 

130. The TwiL:Gnrr is that medium between light and darkneſs, 
which happens in the morning before ſun-riſe, and in the evening after 


lun-ſet. | | 

This is occaſioned by the atmoſphere's refracting the ſolar rays upon 
any place, although the Sun is below the horizon of that place, and by 

_ obſervation it is found to begin and end when the Sun is about 18*%below 
the horizon. | 8 | : 

| 131 The CrEPUSCULUM is a ſmall circle parallel to the horizon at 
18* below it, where the twilight begins and ends. | CE EV 

For under the pole, or in the latitude of go degrees, the pole is in the 
zenith, or is go degrees above the horizon; ſo that, in this caſe, the ho- 
nizon coincides with the equinoctial. . 8 

And as many degrees as the obſerver goes from the pole toward the 
equator, ſo many degrees does his horizon go below the equator on one 
ſide, and approach the pole on the other fide. 

Theretore the pole approaches the horizon juſt as much as the zenith 
approaches the equator ; that is, the height ot the pole above the hori- 
zn, is equal to the diſtance of the zenith from the equinoctial, which is 
equivalent to the diſtance of the obſerver from the equator, or is equal to 


hne latitude,  * 
Ec _ 132. As- 
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132. ASTRONOMICAL TABLES in general contain numbers ſhewine 
either the meaſure of the diſtances of the heavenly bodies from certain 
limits which are uſed to repreſent remarkable times and places ; or, the 
times when thoſe bodies had, or will have, given poſitions relative to thoſe 
limits. . 55 
Some of the chief aſtronomical tables are, 
Solar and lunar tables for finding the places of thoſe luminaries at given 
times. | | | 
Tables for finding the places of the other planets. 
Stellar tables for finding the places of the ſtars. 5 
Tables ſhewing the Sun's place, declination, and right aſcenſion for 
given times. * - 
Tables of refractions for correcting obſervations on altitudes, 
Tables of the equation of time; or the difference between the times 
ſhewn by a ſun-dial and a well-regulated clock, &c. Ne 
The aſtronomical tables chiefly wanted in this work are placed at the 
end of this book; and are precedegd-by an account of their conſtruction 
and uſe. : | | | 
133. As the Earth makes one/revolution on its axis in a common day 
of 24 hours; therefore every point of the equator will deſcribe the circle 
of 360 degrees in 24 hours; and conſequently, if 360 degrees give 24 
hours, any other number of degrees will give its proportional hours: 


And if 24 hours give 360 degrees, any other number of hours will give | 


its proportional number of degrees. „ 
And hence are derived methods for converting ares of circles into 
meaſures of time, and meaſures of time into arcs of circles. | 


To reduce degrees, minutes, Ic. to time. 


Multiply by 24, and divide by 360; or multiply by 4, and divide by 60: 


Or, Divide- the given degrees by. 15 for hours ; multiply the remainder 
by 4 for minutes, adding to the product 1 minute for every 15/ ofa 
degree; the overplus minutes of a degree, multiplied by 4, give ſe- 
conds of time, c. : | 
Or thus: Let the quotient of the given degrees by 60 ſtand for the firſt 
name ; the remaining degrees . for the ſecond name; and the other 
given names in order following: Then this number multiplied by 4, 
will give the hours, minutes, ſeconds, Sc. in order. j 


To reduce time into degrees. | 


Multiply the given hours by 15 gives degrees, to which add 1“ for every 
4 minutes of time; for every overplus minute reckon 15” of a degree; 
and for every ſecond of time take 15/ of a degree. 

Or thus : Divide the time by 4, carrying by ſixties, the quotient will 

be in order, ſixties of degrees, degrees, minutes, ſeconds, Sc. Then 


ſixties of degrees and degrees being reduced, will give the degrees, G. 
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Exam: I. Reduce '69® 207 48% Exam. II. Reduce , 37®, 23, 


nit correſponding ti me. to its correſponding degrees. 


15) 69% 20 45” (4 35 23% 4% 37 23˙ 
2 | | 5 15 | 
* 41137 


I 69% & & for 4 hours. 
FN 9 15 © Jor 37 mingtes. 
16 IL | 5 45 for 23 ſeconds. 


| 69% 20 45% 


5 Ex AM. Ill. Reduce 23755 44, ExAu. IV. Reduce 1 5, 500, 58% 


37”, to its equivalent time. 285, to its equivalent degrees, 


—— 


60) 237” 55 +4). : 267 $0 $8 
„3 $744.37 J Een. 
4 | _ | 
Or 237%? 44 37” Anſwer. 


Anſwer 1 50 . 


As the fun is conſtantly changing his place, the tables of bis right 


aſcenſion ſhew for every day at noon (when he comes to the meridian of 
the place for which the tables are made) what part of the equator is in. 


tercepted between that meridian and the equinoctial point T. The ta- 
bles for the ſtars ſhew the equatorial arcs contained between the point © 
and the ſection of circles of right aſcenſion, paſſing through thoſe ſtars : 


The meaſures of the arcs of right aſcenſion are reduced to time. 


There are few days when one or more ſtars do not come to the meri- 


dian with the Sun, and then they have the ſame right aſcenſion with 


him: Alſo, at ſome time of the year, the Sun muſt have the ſame right 
aſcenſion which any propoſed ſtar has; though at other times he may 
have a leſs, and ſo precedes or comes to the meridian before that ſtar; 
or a greater, and fo follows the ſtar, and comes to the meridian later. 
And hence is derived the following method 5 e 


Or FinpING THE CULMINATING OF THE STARS. 
134. To find the time when any far in the table will be on the meridian. 
Rur. Subtract the Sun's right aſcenſion for the propoſed day from 


the right aſcenſion of the given ſtar; the difference will be the time of 
the ſtar's culminating nearly. Say as 24* is to the daily change of the 


Sun's right aſcenſion, ſo is the time of culminating, nearly, to a fourth _ 


number; which being ſubtracted from the time of culminating nearly, 
will give the true time of the ſtar's culminating. If this time be leſs 
than 12h it happens in the afternoon ; but if more than twelve hours, 
the exceſs above 12 will ſhew the time next morning. 


aſcenſion be greateſt, - 


N. BE. 24 muſt be added to the ſtar's right aſcenſion, if the ſun's right 


— 


Ex AM. 
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Ri, aſcen. Syrius, 1780 65 35 28” 
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Exam I. At what time will the] Ex. II. On the 26th of Feb. 1186, 


flar Arfurus come to the meridian F at what hour will the flar Virgin, 
| London on the % of September, I 780 |Spike be on the meridian of London? 


Right aſcen. of Arcturus 14 5 42”|Virg. Spike's right aſc. 13h 1j“ 3 
Sun's right aſcenfion 10 44 34 |Sun's right aſcenſion 22 37 10 


| — 


Time of culmin. nearly 3 21 8 Time of culm. nearly 14 36 28 
And zh 2 14 give _ 30 And 145, 365” give 2 18 
1 ; go 


: AD | | — — 
- True time of ſtar's culm. 3 20 38 [True time of ſtar's culm. 14 34 10 


If the time of the ftar's culminating be wanted for any other meridian 
than that of Greenwich, or London, add the longitude in time to the 


time of culminating nearly, if the longitude be weſt, or take their dif- 


ference if it be eaſt, and uſe that ſum or difference inſtead of the time of 
culminating nearly: obſerving, only, in the latter caſe, that if the longi- 
tude in time be greater than the time of culminating nearly, that the | 
min. and ſec. reſulting from the proportion, muff be added to the time 
of culminating nearly, inſtead of being ſubtracted from it. 

Ex AM. On the 26th of February, 1784. what time will Syrius be on the 
meridian of a place which is in longitude 166* 30” E. of London ? 


Pikceton fore vous . "A In. aſc. of Syrius, 1784 6b 35 39˙ 
2 Sun's right aſcen. 22 37 10 
Time of culm. nearly 7 58 36 Time of culm. near 29 

mM nearly 7 58 29 
Long. in time — 2.22 jAnd 3 7, 4 give + — 2 


To find if any flar in the table will be on or near the meridian at a given 
1 = time, reckoned from the preceding noon, 22 
RLE. To the given time add the Sun's right aſcenſion for that time; 
the ſum (rejecting 24 hours, if above) is the right aſcenſion of the mid- 
heaven; which being ſought among thoſe of the ſtars, will ſhew What 
ſtar will be on or near the meridian at the time propoſed. 


Ex AM. I. What flar will be on the) Ex. II. On the roth May, 1784, 
meridian of London about Io o clock at \what ſtar will be on the merid. of Lond. 
night on the 25th Fanuary, 1784? |about 30 min. after 4 in the morning? 


Given time 10 hours P. M. 10h on Given time 16> 30 
Sun's right aſcenſion at noon 20 31 [San's right aſcenſion at noon 3 12 
8 And for 10 hours more 2 And for 16 hours more 3 

; : 9 N 8 n — | | 
Sum fabating 24 hours) 6 33 * aſcenſion mid-heaven 19 45 


anſwers to Syrius. anſwers nearly to Altair. 


SECTION 


ES CT7EON 5, 6: 
Of the Projection of the Sphere. 
135. . PROBLEM JI. 1 
Jo projeft the ſphere upon the plane of the ſolſtitial colure, or upon the plant 
of the meridian of any place, thoſe planes being ſuppoſed to coincide. | 
For this projection the eye is ſuppoſed to be in the firſt point of Aries, 
or the common interſection of the equator, ecliptic, and equinoctial co- 
lure; * being the pole of the plane of projection, or primitive circle. 
Pl. IV. ig. 4. „ ER 
1ſt, With To chord of 60 degrees deſcribe a circle PEsQ to repreſent 
the ſolſtitial colure, the center of which V is its pole. (IV. 62.) 
2d. A diameter EQ will be the equator, and another ps at right angles 
to it will ſhew the equinoQial colure (IV. 60), or the axis of the world, 
the extremities of which p, s, will be the north and ſouth poles. 
zd. For the parallels of declination, On the primitive circle, beginning 
at E and Q, apply the chords of the 2 degrees of declination, ſuppoſe 
every 10 degrees, and alſo the diſtances of the tropics and polar circles 
from the equator, namely, 23 and 663%. Then from the center Y in 
the axis ps produced, apply the reſpective ſecants of the complements of 
the degrees laid on the primitive (IV. 58), and theſe will give the cen- 
ters of the correſponding parellels of the declination; from which centers, 
with the extents ta the ſeveral diviſions in the circumference, deſcribe 
the ſmall circles 10, 10; 20, 20; Sc. and theſe wil! be the parallels of 
declination required: Among which a , 5 W are the tropics of Can- 
cer and Capricorn; and cc da, the arctic and antarQic polar circles. 
4th. For the circles of right aſcenſion, or hour circles. In the diameter 
EQ produced, lay off from the center Y both ways the tangents of 1 5e, 
30, 45, 69®, 757 reſpectively, and they will give the centers of circles, 
to be deſcribed through p and s, and cutting the equator in the points 
repreſenting the 24 hours; the ſolſtitial colure being the twelve o'clock, and 
the equinoctial colure, ps, the ſix o'clock hour circles. And in like 
manner may any other of this kind of circles be drawn. (IV. 75) 
5th. The ecliptic S vp is drawn, making with the equator an angle of 
23z 3 the poles of which c, a, are the interſections of the polar circles 
with the ſolſtitial colure. : | 1 
bth. Parallels of celeſtial latitude are drawn parallel to the ecliptic, in 
the ſame manner as the circles of declination are drawn parallel to the 
equator, 8 DR 
7th. Circles 4 celeſtial longitude are deſcribed through e, d, the poles of 
the ecliptic in the ſame manner as the circlesof right aſcenſion were de- 
ſcribed through p, s, the poles of the equator z and thus were the diviſions 
of the ecliptic found that are marked with the ſigns. / abuts bin 
8th. The horizon is repreſented by drawing a diameter HR, making an 
angle with the axis Ps, equal to the latitude of the place; and the poles of 
the horizon 2, N, the zenith and nadir, are at 909 diſt. from the circle RR. 
gth. Azimuth, or vertical circles, making any angle with the meridian, 
re deſcribed like circles of right aſcenſion; Thus ZN is the prime ver- 
tical, and ZAN is another azimuth, 45* from the ſouth, | 


- 


o 


10th. Ami - 
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roth. Almicanthers, of parallels of altitude, are in this projection drawn 


parallel to the horizon, in like manner as the circles of declination were 
drawn parallel to the equator. N 


_ PROBLEM I. 
To project a ſphere upon the plane of the horizon. 


In this projection, the eye is ſuppoſed in the nadir, one of the poles of 
the horizon or plane of projection. Plate IV. Fig. 5. | 

1ſt. The horizon is repreſented by the primitive circle, where the upper 
kx X13 is the north, the lower x11 the ſouth, E the weſt, and Qthe eaſt points, 

2d. The azimuth circles are repreſented by diameters drawn through z, 
the center or pole of the horizon: Thus the diameter x11, X11, is for the 
meridian, and EZ Q for the prime vertical; and other azimuth circles, 
forming any angle with the meridian, are readily drawn by laying off their 
diſtances in the primitive from the north-or ſouth points. 

3d. Parallels of altitude are concentric to the primitive, and are de. 
' ſcribed about the pole z, with the half tangent of their diſtance from it: 
Thus the ſmall circle, the diameter of which is ab, is a parallel of altitude 
10 above the horizon, or at 80? diſtant from its pole z. 

4th. The diſtance of the eguinoctial from the zenith is equal to the la- 
titude of the place, and therefore this. circle makes with the horizon an 
angle, which is meaſured by the complement of the latitude ; then ſetting 
off from the center 2 in z x11 continued, the tangent of 50* (the latitude 
in this example being 40*), it will give the center of the circle EA, re- 
. preſenting the equinoctial; and the half tangent of 507, ſet the ſame way 
from 2, will give r, the pole of the world. _ . 8 

sth. The fox o'clock hour circle paſſes through the poles of the world, 

making with the horizon an angle equal to the meaſure of the latitude; ' 
therefore taking in the meridian from z toward a, the tangent of the 
latitude 40, it gives o, the center of the fix o'clock hour circle EY. 

6th. The hour circles paſs through the poles of the world, and make 
with one another angles of 15 degrees : Therefore (IV. 55) in a line pz, 
drawn through , at right angles to the meridian, ſet off on both ſides of 
G, the tangents 15", 30", 45", 60®, 75®, to the radius PG, and they will 


give the centers of the ſeveral hour circles paſſing through r, cutting the 


— 


horizon and equinoctial in the hour points. | 5 
7th. The polar circles, tropics, and other circles of declination, are de- 
ſcribed parallel to the equinoctial, about its pole p, at given diſtances 
from it, either by finding the centers of ſuch parallels, as ſhewn in B. IV. 
66 ; or by ſettimg off on each ſide of z the half tangents of their greateſt 
and leaſt diſtances from 2; then the middles of thoſe intervals are the 
centers ſought. Thus; the arctic circle is diſtant from P 232; then to 
and from zP=50", add and take 234“ there remain 732 and 262*; the 
half tangents of theſe ſet off from 2 give p and 9; then qa circle deſcribed 
on the diameter pg is the arctic circle. 3 5 
In like manner will the centers of the tropic of Cancer c S c, and of 
Capricorn d yy d, be obtained. | 1 5 . 
8th. The northern portion of the ecliptic V S * is deſcribed from 2 
center diftant from 2 toward P, the tangent of 7 232 SL the ecliptic 
makes with the horizon, | | | „ 
: ; | gth, Cir = 


ir on 


Fg 
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: A 
gth. Circles of longitude Y P &, þ V, p H, p K, þ M, are deſcribed thro? 
the pole of the ecliptic, from centers in the line Bc; ip like manner 
A the hour circles were deſcribed through Þ, the pole of the equator. 
oth, Circles of celeſtial latitude, vIII q 1X, are deſcribed about p, as the 


circles of declination were deſcribed about p, the pole of the equinoctial. 


IW. FRODLEM MM 


To projet? the ſphere upon the plane of the equatar. 


In this projection the eye is ſuppoſed to be in one of the poles of the 
equator, ſuppoſe in the ſouth pole, and projecting the north hemiſphere. 


plate IV. Fig. 6. 


iſt, The equator is repreſented by the primitive circle, the center and 
pole of which is p. * 8 | 

2d. The hour circles are expreſſed by diameters, making angles of 15? 
with one another.; of which x11 Þ x11 is the meridian, or ſolſtitial colure, 
and vI P VI the 6 o'clogircle, or equinoctial colure. | 

zd. Circles of declination are circles parallel and concentric to the equa- 
tor, deſcribed from its center with radii equal to the half tangents of their 
ſeveral diſtances from the pole p, or half co-tangents of their degrees of 
declination ; Thus pg the arctic circle, and a S the tropic of Cancer, 
are deſcribed with the half tangents of 232 and 662 reſpectively; and 
ſo of the others. 8 5 3 | BT 
Ath. The ecliptic making an angle of 23z* with the equator ; the tan- 
gent of theſe degrees laid from p toward à will give the center for de- 
ſeribing the ecliptic VS, the pole of which p is in the polar circle, 

5th. Circles of longitude are deſcribed through p, the pole of the eclip- 
tic, in like manner as the hour circles were deſcribed through p, the pole 
of the equator in the laſt problem; and thus were the diviſions &, I, 
A, N, obtained. | | . 

6th. Circles of celeſtial latitude are projected in the ſame manner as the 
circles of declination in the laſt problem. 5 : 

3th. The horizon of any place, ſuppoſe of London, being inclined to the 
equator in an angle equal to the co-latitude, 38 287; the tangent of this 


— 


laid from p toward S, and the half tangent laid from P to z, will give 


the center, and 2 the pole of the horizon HoR.. | 
8th, The prime vertical ZR making an angle with the equator equal 


to 51* 32/, the latitude of the place, its center is found by laying the tan- 


gent of 51? 32“ from p toward o. | | 
gth. Azimuth circles, making given angles with the meridian zo, are 


thus deſcribed; In a line drawn through the center of the prime vertical, 


at right angles to the meridian, take diſtances from that center, equal to 
the tangents of the propoſed azimuth -angles, the ſemidiameter of the 
prime vertical being the radius, thoſe diſtances give the centers fought ; 
and thus was the azimuth circle zA deſcribed. | | 

roth. Parallels of altitude are deſcribed about z, the pole of the hori- 
20n, at the diſtances of the co-altitudes, in the ſame manner as the cir- 
cles of declination were deſcribed about P, the pole of the equator in the 


Laſt problem; and thus was the ſmall circle v & vii deſcribed at 10ͤ diſ- 


tance from the horizon, or 80 diſtant from its pole 2. . 
: — 255 a 5 ; — 138. PR O- 
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138. | PROBLEM lV. | 
To projet the ſphere upin the plane of the ecliptic, | = 


- Wl 
2 * 

LMS. 

* 


The eye is here ſuppoſed to be in one of the poles of the ecliptic, ill 
thence viewing the northern hemiſphere. Plate IV. Fig. 7. _ 


1ſt. The ecliptic is here repreſented by the primitive circle; the centers 
of which p is its pole. | EG: f = 
2d. Grcles of longitude are here repreſented by diameters thoſe that 
make angles of 30? with one another, being drawn through the diviſion! 
marked with the ſigns of the zodiac. | = 2 
3d. Parallels of celeſtial latitude are circles deſcribed about p, concaiel 
tric to the ecliptic ; ſuch is the ſmall circle, the diameter of which is ay 
repreſenting the parallel of 10? of latitude. | | _ 
4th. The equator making an angle with the ecliptic of 231* ; therefore! 
the tangent of this inclination laid from p toward W will give the center 
of the equator  xXt1 ; and the half tangefft of 232 laid from p the? 
ſame way, gives p for the pole of the equator, bo 
sth. The eguinoctial colure, which here makes the fix 9 clock circle, make 
an angle with the ecliptic of 664°; therefore the tangent of 664 lady 
from p towards vs, gives the center of the 6 o'clock circle Y P >. * 
6th. Hour circles paſſing through P, and making angles of 15 with 
one another, are deſcribed from centers, found in a right line paſſing 
though the center of VP, and drawn at right angles to the ſolſtita 
colure DHV; by laying off in that line the tangents of 15®, 304 
60®, 75 reckoned from the center of YP A, on both ſides, the ſemi- 
diameter of this circle being the radius. Theſe hour circles cut the 
equator in the hour\paints. _ £2 Ren _— 
th. Parallels of declination, ſuch as the tropic of Cancer, and the arte 
circle, the diameters of which are 12, 12, and pg, are defcribed by laying? 
off from p the half tangents of their greateſt and leaſt diſtances : Thus q 
being diſtant from p 47, makes pg =: tangent of 475. the middle of jy 
will be the center of the polar circle, | 1 
Sth. The horizon Hor is to make an angle with the ecliptic equal o 
the difference between the co- latitude and the obliquity of the ecliptic | 
when P is projected to the north of p; otherwiſe that angle is equa o 
the ſum of thoſe quantities. And for London, where the ſaid difference 
=( 38* 28/—-273* 28'=) 15? 00% the tangent of 15? 00”, gives the cen- 
ter of HoR, and the half tangent gives z the zenith. | " 
gth. The prime vertical HzR is deſcribed by laying from p, toward '0 * 
the co-tangent of pz for a center. | I 
roth. Azimuth circles are deſcribed through 2, maging given angles 
with the meridian zo, by finding their centers in a line drawn through 4 
the center of h R, in the manner deſcribed for the hour circles, Prob. . 
11th. Parallels of altitude are repreſented by deſcribing ſmall circles | 
rallel to the horizon Hok, at given diſtances from it; or, which 
comes to the ſame, deſcribing ſmall circles about the pole 2, at diftances J 
equal to the complements of the given altitudes ; And thus the circh 1 
cac was deſcribed for a parallel of 33 of altitude. | | 
1 : i SECTION! 
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EE CTION: VV. 
Problems of the Sphere. 
FAOBLEMCVy.:: Pl. V. 


Given the Sun's longitude, and the obliquity of the ecliptic 3 

Required the Sun's right aſcenſion and declination. 

Exam. Let the obliquity of the ecliptic, or the Sun's greateſt deciinatian, 
23 28', and the Sun's place 13” 160 in Taurus: Required the reſt, 


ConSTRUCTION. x 4 
jn the primitive circle PzsQ, repreſenting the ſoMflitial colour, the center 
which is V, draw a diameter EQ for the equator, and at right angles to 
o draw a diameter Ps. for the equinoctial colure : Make ES =23? 28/, 
ddraw a diameter © for the ecliptic, in which (IV. 71.) take 70 = 
16 for the Sun's diſtance from the point Y: Through r Os Cl.;ibe 
circle of right aſcenſion. 


CompuTaTion. Sce Book IV. Art. 139, 131. 

In the right angled ſpheric triangle Y OB. 

Given Sun's longitude 70 = 43? 10/ \ Req, right aſcen. ys. 
Obliquity of the eclip. OVB = 23 28 deelin. BOs 

To find the declination. | To find the right aſcenſion, 

radius = k  10,0c000 | As radius R 10 00000 
of, Sun's lon. = 43 16“ 9,83594 To t. Sun's lon. = 43% 16” 9.97371 
d ſ. ob. eclip. = 23 28 9.60012 So co-ſ. obl. ecl. = 23 28 9.95251 


— — 


40 48 9.93622 


I! IT 1 


of. Sun's decl. 1 5 50 9.43606 hos t. rt, aſcen. 


— — 


| 


140. While the ſun is moving from V to , or is in the firſt quadrant 
ff the ecliptic, the given longitude is the hypothenuſe in the triangle Y © B, 
e declination 5 O is north, and V is the right aſcenſion, | 
When the Sun has paſt the ſolſtice S, and is defcending toward n, he 
then ſaid to be in the ſecond quadrant, and his longitude or diſtance from 
being taken from 1809, the remainder 3 O becomes the hypothenuſe, 
nd the declination is ſtill north; but the arc B-= found ſor the right 
ſcenſion is only the ſupplement, and muſt therefore be taken from 189, 

The Sun having paſt the point , and deicending toward Y, has got 
nto the third quadrant ; the longitude then, reckoned from Y, will be 
eater than 180: In this caſe the exceſs above 1809, or the diſtance the 
un is removed from , will be the hypothenuſe 2; the declination 
vill be ſouth; and the arc SA, found for the right aſcenſion, muſt be 
ded to 1809, to give the right aſcenſion eſtimated from V. 

When the Sun has paſt the ſolſtice ys, and is aſcending toward , he 
s then in the fourth quadrant z therefore the longitude is greater than 
270%, and muit be taken from 360%, to give the hypothenuſe = ©. Here 
be declination is ſouth, and the right aſcenſion A, found by the propor- 
lon, muſt be taken from 3609, to give the right aſcenſion from V. 

At equal diſtances from the equinoctial points Y or , the Sun will 
ave equal quantities of declination ; but will be of different names, ac- 
ording as it is on the north or ſouth ſides of the equinoctial. LS 

ol. I. 3 141. PR O- 


— ASTRONOMY. Book y. 
141. e VE Ply, 
| Given the obliquity of the ecliptic, and the Sun's declination ; 

Required the Sun's longitude and right aſcenſion. | 

Exam. The obliquity of the ecliptic, being 230 287, what is the Sun's h 
tude and right aſcenſion when he has 20* 43' of north declination? 

| . Coxs TRV TI ON. 5 

Having deſcribed the ſolſtitial colure, and drawn the equator EQ, the 
axis Ps, and the ecliptic S M, as before; make En, Qu, equal to the given 
declination, and (3d 133) deſcribe the parallel of declination un, its in. 


terſection with the ecliptic gives O the Sun's place; through , yp 
deſcribe the circle of right aſcenſion Os. hs 


Ni. 


| - CoMPUTATION, | 
In the right-angled ſpheric triangle Y Oz. a | 5 
Given the ob. eclip. OY B = 2328“ Required Sun's long. y 0. 
the Sun's decl, OB = 20 43 1 rt. aſcen. N 9. 


To find the Sun's longitude. To find the Sun's right gſcenſin. 
As ſ. obliq. eclip. =23? 28* 0,39988 | As radius = 10, 00000 
To ſin. Sun's decl. =20 43 9.54869 | T'o co- t. obl. eclip. nz 28 10, 36239 
So radius =R 10,00000 | So tan. Sun's dec. =20 43 957772 
To ſin. © longit, =62 40 9,948 57 [To fin. rt. aſcen. So 36 994011 


Therefore the Sun is in N 25 40%, or in & 27 20% according as the 
time of the year is before or after the ſummer ſolſtice. 


142. PROBLEM VI. _ Pl.V, 


Given the obliquity of the ecliptic, and the Sun's right aſcenſion; 
Required the Sun's longitude and declination, 


Exam. When the Sun's right aſcenſion is Coo 31”, what is the longitude = 
and preſent declination, the oblig. of the eclip. being 24% 2879 


Cons TRUcT ION. 

The ſolſtitial colure, equator, axis, and ecliptic, being deſcribed as 
before, make Y B given right aſcenſion (4th 133), and deſcribe the 
circle PBs, cutting the ecliptic in © the Sun's place, 

| ComPUTATION. 
In the right-angled ſpheric triangle YO; the leg y B and 4 07 


being known, the hypoth. YO; and other leg OB, are found as in At, 


137, 138, Book IV. 5 | 
A: rad. : co-f. ob. eclip. : : Co-t. rt. {As rad, : tan. obl. eclip, : : fin. n. 
[af. : co-t. © long. | a.: tn th 


As rad. : co- ſ. 235 28“: : co-t. 600 317 [As rad, : tan. 23% 2802: fin. 60® j 


[: co- t. 62 35 0 [: tan. 200 47 

Three other problems may be formed out of the four things concerned 

or obliquity of the ecliptic, declination, longitude, and right aſcenſion: 

But theſe being of little more importance than as an exerciſe for right- 
angled ſpheric triangles, they are therefore omitted. 


143. PRO- 


Book V. ASTRO NOMY. 227 


Given the latitude of the place, and the Sun's declination; 
Required the Sun's altitude and azimuth at 6 o'clock. 


Exam. At London, in lat. 5 1 32“ N. on the longeſt day, when the Sun's 
tlination is 23? 28/: Required the Sun's altitude and azimuth at 6 o'clack 
in the morning or evening. , 
g | Cons TRUCTION. I 

Deſcribe the meridian, draw the horizon HR, and prime vertical zx; 
mike RP=latitude 51 32/ N.; draw the 6 o'clock hour circle s, the 
equator EQ, the 23* 28/ N. parallel of declination n n, cutting the 
6 o'clock hour circle ps in ©; and through 2, O, N, deſcribe the azimuth 
circle 2 ON, cutting the horizon in A; then the things given and re- 
quired fall in either of the triangles 2 OP or T © A, they being ſupple- 
mental triangles one to the other. | . 


| | CoMPUTATION. 
In the fpheric triangle z Op, -right-angled at p. 
Given the co-latit. zp=38* 28/ ns the co-altitude 2 O. 
the co-decl. ©p=66 32 the azimuth 4 @ zP, 
Or in the ſpheric triangle Y A ©, right-angled at A. Wo, 
Given the latit. AY © =51*? 32/J Required the altitude AO. 
| the decl. YS =23 28 the co-azimuth A. 


To find the altitude AO. 20 find the azimuth AR. 
As radius = R 10,00000 | As radius = R 10,00000 
To fin. decl. == 23˙ 28“ 9, 60012 To co-l. lat. = 519327 9,9383 
$0 fin, lat. = $4 28 989375 So tan. dec, = 23 28 9.63761 


To fin. alt. = 18 10 _ 9,49387|To co-t. azim. = 74 53 943144 
For the arc AR meaſures the E RZ A, the azimuth. (IV. 9) 
144. On the ſhorteſt day at London, the parallel of S. declination cuts 
the 6 o'clock hour circle below the horizon; and as the triangles VA, 
T4 O, are congruous, the depreſſion below the horizon, on the ſhorteſt 
day at 6 o'clock, will be equal to the altitude at the ſame hour on the 
— day; and the azimuth will alſo be equal, if eſtimated from che 
So that on the 21ſt of June, at London, the Sun will bear N. 74® 
33 E. at 6 o'clock in the morning, and N. 74 53/7 W. at 6 in the 
evening ; but on the 21ſt of December, at the ſame hours, it will bear 
8. 74 53/ E. and S. 74 53 W. | 2 | 
F rom a due conſideration of this Problem it is evident, that as the de- 
clination increaſes, the altitude increaſes and the azimuth leſſens; and 
the contrary happens while the declination is diminiſhing : So that on 
the days of the equinoxes, on which the Sun has no declination, the alti- 
tude at 6 o'clock will be nothing, or the Sun will be in the horizon; and 
tne azimuth being then 90 degrees, the Sun will be due eaſt in the morn- 
ng, and weſt in the evening; that is, on the days of the equinoxes the 
un riſes and ſets at ſix, in the eaſt and weſt points of the horizon. 


228 ASTRONOMY. 
145. 1 PROBLEM IX. 


Given the latitude of the place, and the Sun's declination; 
Required the altitude and hour when the Sun is due eaſt or weſt. 


Book v. 
Pl. b. 


Ex AM. At London, in latitude 5 1 32 N., what is the Sun's alting, 
and the hour when be is due eaſt or weſt, on the longeſt day, or when the de 
clination is 23* 18 N,? IS | 


CONSTRUCTION. 


Deſcribe the primitive circle to repreſent the meridian of Londo 
draw the horizon HR, and the prime vertical zN ; make rÞP=x51* 37 
the given latitude, draw the 6 o'clock hour circle ps, the equator £9, 
the parallel of declination am (3d 135), cutting the prime vertical in g 
and through Cs deſcribe (II. 72) the hour circle Os, cutting the 
equator in A | | 


Here the things concerned in the Problem fall in either of the triangles 

729, or Y AO. | 
CoMPUTATION. 

In the ſpheric triangle pz ©, right-angled at z. : 

Given the co-latit. Pz = 3828“) Required the co- altitude 20 
| the co-decl. PS =66 32 the hour fr. noon 7.226, 
Or in the ſpherical triangle 40, right-angled at A. 

Given the latit. C ATS g= 51 327) Required the altitude 57 0 

the decl. A= 23 28 J the hour after 65 qu 


To find the altitude V O. | To find the hour after b. 
As ſ. lat. Za CY 1 32 o, 10625 As radius ==R 10,00000 
To fin. decl. ag=23 28 g,6coiz| To co-t. lat. a y©=51* 32' 9g,gooey 
So radius | Sn 10,00000 | So tan. decl. A ==23 28 903701 
9.53770 


—— — — 


To ſin. alt, © =30 34 9,70637 kgs h. fr. 6. 4 Y=20 11 


Which 20 11/ converted into time (132), gives Ih. 20 m. 44. fo 
the time aſter 6 in the morning, and before 6 in the evening, when the 
Sun will appear due eaſt or weſt ; which will be at 7 h. 20m, 445. 1 
the morning, and 4h. 39m. 168. in the afternoon, 
Or, the compl. of 202 11/, viz. 60 49“ put into time, which gives 
4h. 39 m. 16s., ſhews the time before and after noon, when the Sul 
will be due caſt or weſt, 2 | 


146, This Problem worked for the ſhorteſt day, namely, in the A as 
which is congruous to VA©, would give the Sun's depreſſion at ih 
time when he was eaſt or weſt, which would be before 6 in the main 
ing, and after 6 in the evening, by as much as was found above, z 
Th. 20m. 445. | | | 

By this Problem it appears, that when the latitude of the place, ant 
the Sun's declination, have the ſame name; then, the greater the declim 
tion and latitude, the greater the altitude and time from 6: And havin 
contrary names, the ſame things happen ; but with this difference, tha 
ia the former caſe the days lengthen on account of the increaſe of the | 
t tude and declination; whereas in the latter caſe the days ſhorten 0 
tat account. | 

*  » 147. P RO 


kV. ASTRONOMY, 


100 „„ Pl, V. 


Given the latitude of a place and the Sun's declination; 
Required his amplitude and aſcenſional difference. 


Exam. At Lonlon, lat. 5132“ N. on the 21½ of Fune, being the longeſs 


lle Sun riſe and ſet, at what time, and what is 
mobt . 


bY 


the length of the day and 
Cons TRUCTION. 


lameter HR the horizon; from R, the north point, take RÞP=51® 232/ for 


to it draw the equator E; make En, Q = 23 28/, the declination, and 
(31 135) deſcribe. the parallel of declination ꝝ m, .cutting the horizon in 
o, the place of the Sun at its riſing and ſetting ; through which deſcribe 
(l. 72) the hour-circle PO s. g e Dl 


CoMPUTATION. 


Now as the arc Q&=co-latitude, meaſures the . QR. 
In the ſpheric triangle Y © A, right-angled at A. | | 
Given Sun's decl. A 23 287 . the amplitude O 
co-latit. LAY © 38 28 the aſcen. diff, V A. 


| To find the amplitude Y ©. „ 
As fin, A V ©,co-l.==38 28" o, 20617 This 39? 48/ is the amplitude rec- 
To fin, decl. 20 ==23 28 9, 60012 koned from the eaſt or weſt points of 
80 radius =R 10,00000|the horizon: But its complement 
| = —|50? 12'ſhews how far from the north 
To fin, amp. © 39 48 225 the ſun riſes or ſets- on the longeſt 
| 3 day at London. ES 


To find the aſcenſional difference Y A. 


As radius s | 10,00000) Which 33* 07”, converted into time 
Tot. lat. C YO —51? 32' 10, 99910 (x22) gives 2h. 12m. 28s. for the 
$ tan, decl. a@ =23 28 9.03701|time which the ſun riſes before, and 


0 ——_—lſts after, the hour of ſix on the 
To ſ. af, diff. Ya =33 07 9.73782 longeſt day. 1 


then the hour circle PBs, paſſing through O the place of the ſun at its 
ring or ſetting, will form a triangle Y © BEA V © A, where the ampli- 
tude is to the ſouthward of the eaſt and weſt points. 


148. Hence it is evident, that when the latitude and declination have the 
ſame name, the Sun riſes before, and ſets after 6 : But when they are of con- 
trary names, the Sun riſes after, and ſets before SG: | 


Q 3 149. And 


V 


day, when the Sun's declination is 2.3* 287 NM. How far from the north does 


Let the primitive circle repreſent the meridian of the place, and the 


the latitude, draw the axis, or 6 o'clock hour circle ps, and at right angles 


Suppoſe 7s to be a parallel of declination as far ſouth, as*m n is north; 
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and their difference is the oblique deſcenſion. 
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149. And as the Sun deſcribes the parallel of declination » u in 24 
hours, being at » when it is noon, and at n when it is midnight; therefore 
the time in paſſing from m to ©, or the time of riſing being doubled 
gives the length of the night; and the time of ſetting being doubled, mul 
give the length of the day. | | | 


Then to and from 0 
Add and ſubtract the aſcen. diff. 8 1 28 
Sum, gives O ſetting 8 12 28 

| DiF. gives © riſing 3 47 32 

Leagth of day is 16 24 56 

Length of night is | 7. 3 


4 


But when it is the ſhorteſt day at London, which is, when the Sun ha; 
23? 28/ ſouth declination ; then the lengths of the day and night change 
places; the day being 7 h. 35 m. 04s. long, and the night 16 h. 24 m. 


150. When the latitude and declination have the ſame name, the differ. 
ence between the right aſcenſion and the aſcenſional difference, is the ob. 
lique aſcenſion; and their ſum is the oblique deſcenſion. 5 


But when they are of contrary names, their ſum is the oblique aſcenſion, 


151. When the declination: is equal to the co-latitude of any place 


- . {which can only happen. to places within the polar circles), then the pa. 


rallel of declination will not cut tne horizon, and conſequently the Sun 
will not ſet in thoſe places during the time his declination exceeds the co- 
latitude: And the ſame may be ſaid of all thoſe ſtars, the polar diſtance fo 
of which is leſs than the latitude of the place; or, which is the fame 
thing, that have declinations leſs than the co-latitude, for thoſe ſtars vil He 
never deſcend below the horizon of that place. But this is to be under- 
ſtood only when the Sun or ſtars are in the ſame hemiſphere with the given 


place,; for when the Sun or ſtars are ina contrary hemiſphere to any place, Wl 20 


the co-latitude of which does not exceed the declination of thoſe celeſtial 
objeAs, then they will never riſe above the horizon of that place, and con- 
ſequeatly are never viſible there. | „ 
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24 152. 5 PROBLEM XI. Pl. V. 
ore Given the latitude of a place, the Sun's declination and altitude; 
ed, Required the hour from noon, and the ſun's azimuth. 


Ex ARI. In the latitude of 5 1 32/ N. the Sun's altitude was obſerved to be 
66 20/, when his declination was 23028“ N. What was the Sun's azimuth, 
and the hour when the obſervation was made? | 


CONSTRUCTION. 


Let the primitive circle ZxNH repreſent the meridian of London, HR 
the horizon, ZN the prime vertical; make RÞ=51* 32/ the height of the 
e at London; draw the axis Ps, and the equator EQ; lay off the declina- 
ton En, Ou, 23 28/ N. the altitude Hr, Rs, 46® 20/; and (IV. 68) de- 
cribe the parallel of declination » m, and the parallel of altitude rs, cut- 
ing one another in O, the place of the Sun at that time; through 2, O, N, 
' deſcribe an azimuth circle 2 ON, and through p, O, s, deſcribe an hour 
circle POS: Then the angles Ozr, Oz, being meaſured (IV. 72), will 
zive the azimuth and hour from noon required. | 


| LY CoMPUTATION, 
In the oblique-angled ſpheric triangle P OZ. + 
Given the co-latitude zP=38% 28/ J Required the azim. C O2zP. 
the co-alt. or zen. diſt. 2 O =43 40 and the h. fr. noon COE. 
the co-dec. or pol. diſt. ©p=66 32 I See Art. 167. Book IV. 


To find the azimuth . O 2p. 


flere zD==4.3® 400 Then Co-ar. fin. co-lat. ==38® 28' o, 20617 
zp==38 28 |  Co-ar. fin, co-alt. =43 40 , 16086 
on | — Sin. Z ſum co-decl. & o =35 52 9,76782 
Is i102 = 5 12=D Sin. 2 diff. co-decl. & D 230 40 9g,70761 
SD | — — 
| | | f The ſum of the four logs. | 19,84246 
« | 71 435% 52 : : IR 
pa- 2) =——— The & ſam gives 56® 31;/ 9,92123 
dun ---* 01 $60 as 5 | | — 
co- —— Which doubled, gives 113 oz“ for the azimuth 
nce fought, reckoning from the north. | 
wy To find the hour from noon, 4 © PZ 
n Here v == 66 320 Then Co-ar, fin. co-decl. =66® 32' 0,03749 
4 Pz==38 28 Co-ar. fin, co-lat. id 20: 0,20027 
vel | Sin. 4 ſum co-alt. & D ==35 52 9,76782 
ace, 5 0— P ZzZ28 42D Sin. 2 diff. co-alt. & D = 7 48 9, 13263 
Rial  ©£2=43 40 3 — 
00s — | The ſum of tae four logs. 19,14411 
I * $2 | — — 
2 => 28 The + ſum gives 21955 9,57206 
15 301 7-45] : | 1 5 
— — This doubled, gives 435 50“ for the meaſure of the 


hour from noon, which is 2 h. 55 m. 20's. 


Hence it appears, that the obſervation was made either at gh. 4m. 40s. 
in the morning, or at 2h. 55 m. 20 8. in the afternoon. | | 
The azimuth being firſt tound, the hour from noon might have been 
O-. Wl found by the proportion between oppoſite ſides and angles. 
„ | Had 


A 


Cad 8 2 22 
- —— = 
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Had the declination and latitude been of contrary names, the ſame king 

of operation would have been uſed to find the things required, only the 

fide S would have been obtuſe ; by adding the deciinat. to os, inſtead of 

ſubtracting it, as in the caſe of the lat. and decl. having like names, 

153. PROBLEM XII. Pl. v. 
Given the latitude of the place, and the Sun's declination 

Required the time when the twilight begins and ends. 


Ex AM. At what time does the twilight begin and end at London, when the 
Sun's declination is 15 12/ N. the latitude of the place being 51 32' N. 


ConsSTRUCTION, 
Let the eircle ZRNH repreſent the meridian of the place, HR the hori- 


20n, 2N the prime vertical, and 7 s the Crepuſculum, or ſmall circle parallel 


to the horizon deſcribed at 18 degrees below it (IV. 68); lay off the lati. 
tude RP, draw the axis Ps, the equator EQ, and deſcribe the parallel of 
declination x 7, and where m cuts ts in , is the Sun's place at the time 
of the beginning or end of the twilight ; through & deſcribe (II. 72) the 
vertical circle ZN, and the hour circle Pꝰs; then the Zz © being mea. 
ſured (IV. 72) will give the time before or after noon as required. 


— 


| CoMPUTATION. 

In the oblique-angled ſphenic triangle 2 Or. | 

Given the co-lat. zp= 38* 28/ q Req. the hour from noon= / 2p3, 

the polar diſt. PO= 74 48 i 'The manner of ſolution is the 
th zenith diſt, 25 =108 OO ſame as in laſt Problem. 

Here-p@ = 74 49 Then Co-ar. ſin. polar diſt, ==74*4& 0,01547 

„ke 39 28 | .Co-ar. fin. co-latit, =38 28 0,20617 

| —— ö Sine + ſum. of zen. d. & o 2 10 997861 

P)—P7Z= 36 20==D Sine 2 diff. of zen. d. & D==35 50 9,76747 

E 108 co 


— | The ſum of theſe four logs. _ 19,96772 
144 200/25 100 ; | — ä — 
2)——— The half ſum gives 74? 287 90798386 
71 40035 500 3 —— 
—— Which doubled, gives 148? 57 for CZ YO. 


And 14857 reduced to time gives gh. 55 m. 48s. either before or after 
noon ; that is, the twilight begins at 2h. O4 m. 12, in the morning, and 
ends at 9h. 55 m. 488. in the evening on the given day, at London. 


154. When the declination becomes greater than the difference be- 


tween the co-latitude and 18 degrees, then the parallel of declination 1 m 


will not cut the parallel f s 18 degrees below the horizon, and conſe- 
quently at that time there will be no night at that place, but the twi- 


light will continue from Sun-ſetting to Sun-riſing; and on this account it . 


ie that from the 22d of May to the 21ſt of July nearly, there is no total 
dzrknets at London, the Sun's declination during that interval being greater 
than 20* 28', which is the difference between 18* and 38* 28/, the comple- 
ment of the latitude, < e 


155. PRO- 


the 
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55. PROBLEM XIII. 2 
Given the time of the year, the latitude of a place, and the altitude of 
a known fixed ſtar; | | l 


Required the hour of the night when the obſervation was made, 

ExAM. Some time in the night, on the 1/4 of September 1780, ſuppoſe 
the flar Arfurus, the declination of which is 20* 39 N. ſhould be obſerved 
it London to be 27 12/ above the horizon : At what hour would the obſerua- 
tim be made © | | 
Cons TRUCTION., | 

Deſcribe the meridian of the place, draw the horizon HR, the zenith 
and nadir of which are z and N, and deſcribe the parallel of altitude rs at 
279 12/ above the horizon; take Þ the north pole 51 32/ above the ho- 
rizon for the latitude of the place, and s the ſouth pole as much below the 
horizon 3 draw the equator EQ, and deſcribe (3d 135) the ſtar's parallel of 
declination #2 m; and where this parallel 2 cuts the former , in , is 


the poſition of the ſtar at the time of obſervation; deſcribe (II. 72) the 


vertical circle Z & N, and the hour circle Ps, and the angle zP & being 
meaſured (IV. 72) gives the hour from, or to, the time of the ſtar's cul- 
minating. | | | 


: | ComPUTATION, 
In the oblique-angled ſpheric triangle pk 2. 

Given the co-latitude 'pz = 38* 28/ 
the co-altitude z & =62 48 

the polar diſt. &x P =69 30 


Required . zPX, or the hour 
from culminating. 


Here * = 3o' [Then Co. ar. fin. co-lat. 2380 28“ 0,20617 
PL=38 28 Co, ar. fin, pol. diſt. ==69- 49 0.02841 

— Sin. 2 ſum zen. diſt. and D=45 55 9,8635 4 

rk==pz==31 22 Sin. 2 diff. zen, diſt. and v=1i5 53 943724 
P K 62 48 EE: h ; | 185 — — — 
5 The ſum of the four logs. 19.535 36 
93 50046˙ 55" . : | — — 
2)— 1 The 2 ſum gives 359 51 | 9:76798 

31 46115 53] _ . — 

— Which doubled, gives 71 42 2.2 K. 


This 1 4x turned into time (132) gives 4h. 46 m. 48s. for the time 


which has elapſed ſince the {tar was on the meridian, 


Now, at the time of obſervation, September 1ſt, 1780. (133) 
The right aſcenſion of Arcturus was 14h. 5 a0 
The right aſcenſion of the Sun at noon + 10 44 34 
Time of culminating nearly 3 >> 
And 24" is to 3' 37” as 3h 214 is to | 30 
The ſtar ſouths, or culminates at 5 3 20 38 
The time that the ſtar has paſſed the meridian 4 46 48 
The ſum is the hour of the night | = 8 o 0 P. M. 


n 
— 
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F Aſtronomical tables at the end of Book V. 
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And whether to ſubtract or add will always be kno 
being in the eaſtern part of the horizon, or aſcending; 
weſtern part of the horizon, or deſcending. a. 
„ oon LEM 
. Given the obliquity of the ecliptic, and a ſtar's right a&ghſion and de- 
© clination; ZN . N We | 
Required its latitude and longitude, 8 # 
Exam. What is the latitud: and longitude of 4 far, its right afcenſun 


being 16 h. 14 m. its declination 25 51 NM. and the obliquity of the ecliptic 
24 28'? | | 


wn by the flar 


CONSTRUCTION. 


Let the primitive circle repreſent the ſolſtitial colure, in which draw 
the equator EQ, mark its poles P s, and defcribe (3d 135) the parallel of 
the ſtar's declination » 77. | : : 

The right aſcenſion 16h. 14 m. =24.3* 30”, which being 63* 30/ above 
1809, falls in the third quadrant; therefore make (IV. 75.] Y a=67 30, 
deſcribe (4th 135) the circle of right aſcenſion, cutting the parallel u n 
in X, the point of the heavens repreſenting the ſtar. ; 

Make E 5 =23? 28), the obliquity of the ecliptic, draw the ecliptic 
& VS, find its poles p, , and through p, X, 9, deſcribe a circle of longi- 
tude ; then the arc p & meaſured (IV. 70) will give the co-latitude, and 
the 4 Pp & will ſhew the longitude. | 

| LY CoMPUTATION. 
In the oblique-angled ſpheric triangle p R. | | 
Given the obliq. ecliptic pP = 23* 28” } Required the co-lat. px, 
the co-declination pk = 64 o and the longit. C vp X. 
the right aſcen. * =243 30 J] See art. 150, 151. B. IV. 


To find the latitude. | 


As radius = * 10,00000| As co-f. th arc=61% 34 0,3222) 
To co-l. rt. aſc. =26* 300 9.95179 To co-f. 5tharc=38 06 9,89594 
So tan. co-decl. =64 09 10,31471|So fine decl. =25 51 9,03950 


— — —ͥ — —ͤ —— 


To tan. 4th arc =61 34 10, 26650 To fin. lat, ==46 062 9.85771 
Ob), eclipt. S223 28 | aa 


——— | Here the ſtar's latitude is 46 062/N. 


Fiik arc 2338 06 —_— declinat. is N., and greater 


than the obliquity of the ecliptic. 
To find the longitude. ES 
As fine 5th arc = 380 C6 o, 20969 Here the longitude 144? 36' being 
To fine 4th arc = 61 34 9-94417|added to go?, gives 234 36' for the 
So tan. rt. aic. = 26 30 909774|ſtar's longitude, reckoning from the 
1 — — f firſt point of Aries. | 
To tan. longit. =234 36 9,85160 | | 
For the right aſcenſion being in the third quadrant, the ſtar is there alſo, 
Now in 234 36", are 7 ſigns 24* 36“; that is the ſtar's place, or lon- 
gitude is 24* 36 in the 8th ſign, or 24 3& in in. = 
By the preceſſion of the equinoxes, the fixed ſtars, although they al- 
ways keep the ſame latitudes, yet are continually altering their ** 
| right 


or by being in the 


© pl. v. 
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5 rioht aſcenſion, and declination; the alteration in longitude is uniformly 
he o ſeconds and 3-Ioths yearly (22), but that of the right aſcention and 
7 ination is conſtantly varying: So that many ſtars, which once had 
1 north declination, come to have ſouth; while others change from S. to 
. N. declination. - ; 5 | = 
157. PROBLEM XV. N V. 
| Given the right aſcenſions and declinations of two fixed ſtars ; 
on Required their diſtance. | 5 
tic Exam. What is the diſtance between the fixed ſtars, Betelgucſe in the eaſt 


ſroulder of Orion, and Aldebaran in Taurus; the fermer having 3 21/ N. 
duclinat. with 5 h. 43m. 10s. right aſcenſion ; and the other 16 , M 


Ip declinat. with 4 h. 23 m. 20 s. of right aſcenſion. 

- | | ConSTRUCTION. 

ve As Aldebaran precedes Betelgueſe in right aſcenſion, let the primitive 

05 circle repreſent the circle of right aſcenſion paſſing through Berelgueſe ; 

mn deſcribe the circle of right aſcenſion PAs, making with PBS an angle of 
10 59/ (IV. 75) equal to the difference between the given right aſcen- 

tic ſnd. / | | | 

zi Deſcribe the parallels of declination Bm, 75, at the given diſtances 16˙ 

ad o N. and 7 21/ N. (3d 133) ; and the interſections a, of Aldebaran's 


declination, and B, of Betelgueſe's, with their reſpective circles of right 
aſcenſion, will be the poſitions of thoſe ſtars from one another: Then 
draw a great circle BAC, through B; and a, and the intercepted arc BA (mea- 


E. ſured by Art. 70. Book IV.) ſhews the diſtance of thoſe two ſtars. 1 
K. 1 CoMPUTATION. (IV. 151) 1 
. In the oblique-angled ſpheric triangle PAB. Pl 
Given the co-decl. of Ald. DD 1 
27 the co- dec. of Betelgueſe PA 82 39 5 Required their diſt. AB. 1 Al 
94 diff. of right aſcen. CAPBZ 19 39 : | Wo 
50 Radius | = 10, 00000 Co-f, 4th are 382 11 o, 86645 9 * 
— To co- ſ. diff. rt. aj. 19% 59' 9,97 303 To co- ſ. 5th are 8 14 999550 1 
71 As co-t. Betelg. dec. 7 21 10,88944| As fin. Betelg. dec. 7 21 0, 10697 ( 
N. To tang. 4th arc 82 11 10,80247 To co- ,, diſt. 21 25 996892 4 
ter a — | | | is 
Aldeb. co-dec.. © 73 57 | - The ſame reſult would have come | 
3 — out, had the declination of Aldebaran ig: 
ng Remains 5th arc, 8 14 been uſed in the proportions. | 
the ; A . | 
the | 1 g 
158. | PROBLEM XVI. Pl. V. } 
Given the latitudes and longitudes of two known fixed ftars; ; | 
. Required their diſtance. | —_ 1 
15 Frau. Aliath, in the Great Bear, Lon. 5 49“ Lat. 54* 18' N. 1 
4 —Alrdturus, in Bootes, Lon. 21 10 Lat, 30 54 MN. 11 
de, The conſtruction of this Problem is like that of the laſt; only inſtead th 
ht of circles of right aſcenſion read circles of longitude, and ufe parallels of N 
s latitude inſtead of parallels of declination, 5 1 
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The computation is alſo like that of the laſt, there being given two co. 


latitudes and the included angle, which is the difference between the given 
longitudes: Thus Arcturus's long. is 6* 21* 10% and Aliath's is 5* 50 49; 
their difference is 1* 15 21, or 45 217. | | | 


Hence the diſtance will be found to be 39* 45/. 


159. PROBLEM V.,. Pl. v. 


Given the latitude and longitude of a fixed ſtar, and alſo the obliquity 
of the ecliptic; | = | 
Required the right aſcenſion and declination of that ſtar. 


by 


_ Exam, Suppoſe the latitude of a ſtar is 70 0g/ N. its longitude V 20 Or: | 


That is the right aſcenſion and declination of that tar, the obliquity of thy 


The conſtruction of this Problem is much like that of Prob. XIV.; 


only here the interſection of a parallel of latitude ch, with a circle of lon. 


gitude pAg, will give the place of the ſtar. 3 55 
The computation is alſo as in Prob. XIV; for here are given pj= 
23 28/, pa=82* 51', and the L Ppa=602® 597 the longitude from the firſt 
point of S, to find PA the co-declination, and Z PA the right aſcenſion, 
The declination of the ſtar will be found to be 179 49'N. (IV. 151) 
And the right aſcenſion will be 24» 1900. IV. 150 


—— 


160. PROBLEM XVIt. Pl. v. 


Given the meridional altitude of any celeſtial object, ſuppoſe 2 comet, 
its diſtance from a known ſtar, and the latitude of the place; 
Required the declination and right aſcenſion of that comet. 


Exam. Seppoſe a comet was obſerved on the meridian at London, when its 


altitude was 51* 55, and its diſtance from the ſtar Arcturus was 50 47: 


hat was the declination and right aſcenſion of the comet at that time? 


CONSTRUCTION. 


In the primitive ciccle, repreſenting the meridian of the place, draw the 


horizon HR and prime vertical zx ; lay off the given latitude Rp =51* 32, 


draw the axis ps, the equator EQ, and (3d 135) » m Arcturus's parallel 
of declination 20 21/, From the ſouth point of the horizon lay off the 
given altitude of the comet 51 55/ from E too: About the point d as 
a pole, at the given diſtance between the comet and Arcturus, deſcribe 


(IV. 68) a ſmall circle @ a cutting the parallel z w in X, the poſition of 


Arcturus at that time: Deſcribe the circle of right aſcenſion, 


*, and 
a great circle through o and &. . 


Co MH UT AT ION. 


Since nE 38ů 28/, the co-lat. and the alt. Ho 51 550 then ko- 
(HO—HE=) 13 27% is the decl. ſought; which is north, as the altitude 
exceeds the co- lat.; conſequently the polar diſtance og 76 330. 1 


le 
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Then in the triangle pKo are given the three ſides to find the Cox, 
the difference between the right aſcenſions of the comet and Arcturus. 
And (IV. 154) the Cop will be found a 24/=4n.g m. 35s. which 
ij the difference of their right aſcenſions: Now if Arcturus had paſſed the 


- meridian, the right aſcenſion of the comet was 18 h. 15m. 16s. but if 


Arcturus had not paſſed the meridian, the right aſcenſion of the comet was 
gh. 56 m. 4 8.3 it being, in the former caſe, equal to the ſum, and in the 
latter to the diff, of Arcturus's right aſcen. and the Cop &. 


161. ROL Pl. V. 
Given the latitude of a place, the Sun's declination and Azimuth; L 


Required his altitude and the time of the obſervation. 


Exam. In the latitude of 13* 39 V. and cuhen the Sun has 29” 28/ NM. 
eclination : That is the Sun's altitude and time of the day, when he is ſeen 
m the ENE azimuth circle ? 1 8 

| „„ OC UNS TRVUCTEON, | 

Let the primitive circle-repreſent the meridian of the place, in which 
Bk repreſents the horizon, and ZN the prime vertical; make Re equal to 
the latitude, draw the 6 o*'c:ock hour circle ps, the equator EO, and (3d 
153) the parallel of 23* 28” of declination a . The tangent of 67 30/ 
being laid from the. center @ toward H, gives the center of the vertical 
circle 7 DN, which cuts the parallel z m in the points a and B; and ſhews 
that at two diſtant times in the forenoon the Sun will have the-azimuth 
propoſed : Through the pomt A and B deſcribe the hour circles pAs, xs 
(I. 72); the angles zA, zB, ſhewing the times from noon, may be 
meaſured by Art. 72, Book IV.; and the altitudes DA, Ds, by Art, 70, 


Book IV. 


' CompuTATIoN. See Art. 146. Book IV, 
In the ſpheric triangle PZ A, or PZB, there are known, | 
The co-lat. z 27 3o/; the co-decl. Pa, or PB=66? 32/; the azim. 
LPzD=67? 300. | 5 
To find Za, or ZB, and the CZ PA, or Z.7PB, | 
As radius: co-ſ. azimuth : : co-t. lat.: to tan. of a 4th are M= 57 54. 
And as fin. lat.: fin. decl. : : co-ſ. M to co-f. of a 5th arc n=24* 50%. 
Then MN, or 57% 54/ +24* 507 =82* 500 A, is the comp. of leaſt alt. 
And M—xN, or 57 54/—24® 56/=32*% 58/=2s, is the comp. of the gr. alt. 
Therefore, when the Sun has 7* 10% or 57* 02), of alt. he is on the given 
azimuth, == Os 
Again, As co-f. dec. : ſin, azim. :: co-f, leaſt alt.: ſin. hour fr. noon 87 55/, 
And as co-l. dec. : ſin. azim.: : co-f. greater alt.: fin. h. fr. noon 33? 14“. 
But 87 55/=5) 51" 405; and 33 14/=2? 12” 56˙ the reſpective 


times from noon, 


Conſequently the Sun will be ſeen on the ENE azimuth at 6 h. 08 m. 


20 8. and again at 9g h. 47 m. 4s both in the morning: Alſo, in the 
afternoon he will be on the WNW azimuth at 2 h. 12 m. 568. and at 
Sh. 51 m. 408. | 


162. Now to find at what time, and at what altitude, the greateſt azi- 
muth will happen at chat place on the ſaid day; : 
As the azimuth circle in this caſe is to touch the parallel 2 , there- 


fore the greateſt diſtance of thgazimuth from the equator will be 23? 287; 


and as their poles muſt be at the ſame diſtance (IV. 33) therefore a ſmall 
Circle rs deſcribed about the pole s, at the diſtance of 23? 28” (IV. 65), 
EE | | Te 


V2 my IS 
uw 
* 1 — 
— 
— — = - _ 
3—— — - ow_— — 


2 2 * 
983 
77 
3 
hag od 
2 ů 


———ů —— ——— 
8 2 
822 * 2 s | a 
l Ps. a — —— 
. * — * PPP * 
4 8 — r 7 2 LM 


— 
2 agar — 


— OY 


— ES 


its interſection p with the horizon, is the pole of the circle zcw ; then de. 
ſcribe an hour circle pcs through p. | 
In the ſpheric triangle zec right angled at c. v. 30 
Given the co-lat. Pz 5 30, and the co-decl. Pc 66 32, 4 
Required the greateſt azim. 4 PZzc=70* 37”, the diſt, 20 54 of and 
the hour from noon=56* 26/=3h. 45 m. 44%. 
So that the azimuth is altered only 3 7 in 2 h. 6 m.; and conſe. 
quently the variation of the compaſs may be obſerved with more certainty 
in the torrid zone than elſewhere. | 


163. | FFROBLEM XX. MK Iwv. Fig. 1, 
In the latitude of 20 oo N. Hands a horizontal dial, the gnomon of which 
is perpendicular to the plane of the horizon : It is required to know at win 


hour in the afternoon on the longeft day, the ſhadaw of that gnomon ſhall fland 
fill ; and haw many degrees ſhall the ſhadow run back. 


CoNnsSTRUCTION. Let the circle zx x be the meridian of the place, ui 
the horizon, the poles of which are 2, N; Rg 20e, the latitude Þ and « 
the north and fouth poles : About p deſcribe the tropic of Cancer aa, cut- 
ting the horizon in L; about s, a ſmall circle being deſcribed at the diſt. of 
235 28/, the complement of the diſt. of aa from P, its interſection 5 with 
the horizon, is the pole of the azimuth circle which will touch the parallel 
aa in ©, the place of the Sun when he has the greateſt azimuth that day: 


Through 2, O, N, deſcribe a vertical circle cutting the horizon in k; and 


through © and L deſcribe the hour circles POs, PLS. 

Then will the L z? O be equivalent to the hour when the ſhadow will 
ſtand ſtill ; and K L, the difference between the meaſures of the azimutl 
and amplitude, will ſhew how much the ſhadow will run back. 


CompuTATIoON, In the right-an-| In rt. angl. ſpheric triangle yz, 
gled ſpheric triangle PRL. Given 40 = 99%0& 

Given Ck = 909% 00}  co-lat. =? =76 0 
lat. == RP = 20 00 co-dec. =PO = 66 2 
co-decls = PL = 66 32 Required hour g Zz O = 33 06 

Requir. ampl. = RL = 64 56 | aim. =4 ©ze = 77 8 


Then 33* 02=2 h. 12 m. 08s.: And 77 28/——-64* 56'=12® 32% 
So that the ſhadow will ſtand Kill at 2 h. 12 m. 08 s. and will run back 
J | 
164. LEM A Pl. XIV. Fig. 3 
A comet, the declination of which was 47 od N. was obſerved to be diflant 
from a flar, to the eaſtward of it, 40 oO“; the ſtar's declination was 36 of 
NM. and its right afcenſion 45 OO : What was the latitude and longitude of 
that comet? © e | | 
3 CoNSsTRUCTION. . 

On the plane of the ſolſtitial colure, where P and E are the poles of the 
equator and ecliptic, put the ſtar at A by its right aſcenſion and declina- 
tion: About Þ and A deſcribe ſmall circles, at the diſtances of the comet 
from thoſe points, their interſection O gives the place of) the comet; de- 
ſcribe great circles through AO, PO, EO, then EO will he the co-latitude, 
and Z © the co- longitude; and their meaſures may be obtained from 
Articles 70 and 72 of Book IV. | : 
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Book V. ASTRO 


ComPUTATION, In the triangle 

5 „„ 
Given the %'s co-dec. PA =54" oo 
comet's co-dec. PO =43 OO: 
their diſtance AO=49 o 


Req. com. rt. aſ. fr. C APO =65 48 
Then 65 48“ — 45 O20 487. 


NOMY. 239 


In the triangle EPO. 


| Given comet's co-decl. O o 


obliq. of ecliptic PE =23 28 
comet's rt. al. C EPO =69 12 


f 3 | 
Req. comet's co-lat. EO =39 54 
and co-longit. 2. PEO =83 42 


| Which being taken from go, leaves 


V ©* 18' for the long. required, 


165, PROBLEM XXII. 


6 PROBLEM XXIII. 


Pl. XIV. Fig. 3. 
At London, on the 10th of December 1780, at what time of the night will 
the ftars Aldebaran and Rigel be on the ſame azimuth circle? | 

Aldeb. decl. 16037 N.; right aſc. =4 h. 23 m. 198. Rigel's decl. 
285 28“ S.; right aſc. 5 h. 03 m. 585. | | 

Their difference of right aſcenſions is 40 m. 39s. or 10* 100. 

ConsTRUCTION. On the plane of the equinoQial put Aldebaran at a, 
and Rigel at B, by their right aſcenſions and declinations, then a great 
circle through B and A will be the azimuth they are on at the time ſought; 
and the parallel of London's lat. deſcribed about P, will cut the azimuth 
circle Ba in Zz the zenith, through which draw the meridians PZ, Pz. 

Here the neareſt interſection to the ſtars is taken for the zenith, for as 


the ſtars are both above the horizon, the greateſt zenith diſtance is lefs .. 


than 90 degrees. 


CoMPUTATION. In the A aps.| In the triangle aPz. | 
Given B's co-decl. PB= 98* 28/| Given A's co-decl. PA=7P 57 
| A's co-decl. PA= 73 57 the co-lat. Pz=38 28 

diff. rt. aſc. C APB= 10 10 the ſuppl. of Bap or C PAZ 23 2 


Required the Z. BAPZ 156 58 Req. LAZ Z 1425 25 rr 08 - 

Now the ſtar Aldebaran comes to the meridian at 11h. 8. m. 27 8. in the 
evening; which leſſened by Ih. 36 m. 4s. (24% 01”) gives 9 h. 32 m. 238. 
for the time in the evening when thoſe ſtars will be on the ſame azimuth. 


Pl. XIV. Fig. 4- 
At what time in the evening will the flars Betelgueſe and Pollux have ane 
common altitude above the horizon of London, on the 10th of December 1780 


Betelgueſe right aſcen.=5h. 43 m. 16s. ; decl. 7 217 N. Pollux 
right, aſoen. 7 h. 31 m. 51 8.; decl. 28 327 N. | 
Their difference of right aſcenſion is 1 h. 48 m. 35s.=27* 09. 


_ ConsTrUcTION. On a primitive circle, where any point Þ repreſents 
the pole of the equinoRial, put the ſtar Pollux at x, and Betelgueſe at a, 
dy their declination and difference of right aſcenſions; through a, B, de- 
ſeribe a great circle; through c, the middle of as, deſcribe a great circle 
at right angles to AB, and cutting PA in p; then a ſmall circle deſcribed 
about P, at the diſtance of 38 28', the co-lat. will cut the circle c in z 


* 


the zenith. 


: For the ſtars A and 2 having a common altitude, ace equally diſtant 
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CoMmPUTATION., In the triangle pg. 


Given A's co-decl, PA =82* 39“) Required the BAT = 47% or 
a2 coquect:;: 23, —=06f „ ; AB = 33 1, 
diff, rt. aſc. C aAPB=27 ©9 Its half AC:=:16 37 
, . | 
Given the . 4 c_. =90? o& Required the LD = 45 30 
. 247 O1 N | 2 E ' rt 23 38 
Ac =1b 37 J Theref. A- AD D = 59 01 

In the triangle PDzZ. | 1 5 Ss 
Given the co-lat. _ PZ=38" 28” J Required Az2Pp = 48 50 
PD=59 OI Or it is =.75 46 

A PDEZ4S 30 | | 


Now the ſtar Betelgueſe comes to the meridian at 12 h. 28 m. 8 8. that 
is between twelve and one o'clock in the morning (133); from which 
take 3h. 15 m. 44 8. as the ſtars are to the eaſt of the meridian, and it 


leaves gn. 12 m. 24 8. in the evening, for the ti ne when thoſe {ſtars have 
the ſame altitude. | 


167. PROBLEM XV. PL MV. Fig.; 

Wanting to know the latitude and longitude of a comet c, its diſtance fron 
two known ſtars à and B were obſerved, and are as follows : 

A's lat. 40 12/ N. Lon.=16" 39“ X ; diftance from AO 05. 

B's lat.=30 05 N. Lon. - 2 48 It; diſtance from C=45 57, 

Hence the place of the comet C 1s required. . 

CcnsTrRUuCTION. On the plane of the ſolſtitial colure, where E is the 
pole of the ecliptic, put the ſtars a and B by their latitudes and longi- 
tudes, and deſcribe a great circle through A and B; then ſmall circles de- 
ſcribed about A and B as poles, at the re{pe&ive diſtances of the comet, 
their interſection c will give its place; deſcribe great circles through a, 


c; B, c; E, c; and EC will be the co-latitude, and from C AEC will be 


obtained the longitude. | 


CoMPUTATION, In theA aps. | In the triangle arc. 
Given A's co- lat. Aat=40* 48|Given the diſtance ap= 50 ol 
B's co-lat. BE 50 55 diitance ACS. 49-05 
diff, longit. C AgB=76 0g diſtance BC = 45 5/ 
Required AB = 59 OI | Required te L Bac= 56 27 
and LEAB =78 31 Then CSEABT 4ABACEZLEACE174 58 


s In the triangle CEA. 8 | 
Given A's co-lat. ARB = 40* 48 3 the co-lat. Ec= 8133 


diſtance Ac = 49 05 diff. long. AREC= 32 43 

and the ZEAC =134 58 J Hence lat. is 8*27 N. lon. 1922 in 
PROBLEM XXV. NM MV. Fig. 
The diſtance of the ſtar c being obſerved from two flars A and B, the latt- 


Fade and diflance of which are known, and alſo the longitude of one of them; 


thence to find the lat. and long. of c. 


5 


. 


diſtance of AB 44 43“: Required the long. and lat, of C. 


Suppoſe A's lat. to be 5 30/ N.; its dif. from e=29? ac : B's lat. 
577 N. its long. J aurus, 189 16, and dift. from c 10? 74 : And the 


Con- 


Rec 


Book V. 


ConsTRUCTION., On a circle 


| 
y the great circles EA, EC; AC, AB; 
8 IIc the longitude, of c from B. 


Given A's co-lat. 


6 B's Co-lat, BE =80 03 
q the diſtance ABZ44 43 

Required the C ABE=92 14 
In the triangle BEc. 


Given B's co-lat, 


({4BE—LZ ABC) C CBE 36 52 


CoupUTATION. In the AEB. 
5 AE = 84 30, Given the diſtance 


the diſtance Bc 10 07+ 


169, EH SER RL KA AMC 
From the altitudes of two known fixed ſtars, and the altitude of a planet 
when in the ſame azimuth with one of theſe ſtars; to find the place of the planet. 


* 


AST RON OMV. 1 


of longitude, where E is the pole of 


the ecliptic, put the ſtar B by its lat.; about the points B and E deſcribe 
circles at the diſtances of A from thoſe points, their interſection gives the 
place of A: Alſo circles deſcribed from A and B, at the diſtances of c re- 
ſpectively from them, their interſection is the place of c: Then deſcribe 


BC; and EC will be the co-lat; and 


In the triangle ABC. 

AB=44*4.3/ 
AC==39 40 
BC=10 074 


£. ABCEZSS 22 


diſtance 
= diſtance 


Required the 


C's lon. fr. B, C BEC 6 22 
And its abſolute long. 11 54 


BE=80® 03/ a C's co-lat. CE=72% ol 


Pl. XIV. Fig. 7. 


EXAMPLE. Obſerved the Moon and Cor Leonis in the fame azimuth, 
when the Moon's zenith diſtance was 36® 37”. 


Cor Leonis's zen. diſt. = 452 00/7; 
Cor Hydra's zen. diſt. =49 16; 
h Cons rRUCTION, On the plane 
the Wl. 
i b, draw the colures, and in the 


. ecliptic ; put the given ſtars at ; and A by their declinations and right 
of afenfions : About B and A as poles, with their reſpective zenith diſtances, 
| 50 t&{cribe circles cutting in 2 the zenith; through z and B deſcribe an 
be WT zimuth circle, and making 2z) equal to the y's zenith diſtance, it gives 
her place : Then deſcribe the great circles 24, AB, E); and the arc E) 
wil be the co-Jatitude, and CPE] the longitude from the firſt point 
/ of 5, 5 | 
- . CompuTATION. In the A ABp. In the triangle Az B. 
57 bien 4's co-decl. pamg7* 43“ Given A's zen. diſt. zA=49% 16/ 
_— 2's co-decl, PR=76 58 B'S Zen. diſt. ZB=45 00 
27 diff. rt. af, ZBPAS ? 58 the ſide AB=22 595 
2 | nt. 
f Required the Z aBP=153 572 Required the L ABZ = 89 JS+ 
33 | the fide AB= 22 595; Then Z ABP—ABZ = 4ZBP = 
43 Lt | 64 19 = CDP. 
in In the triangle Bye. In the triangle Þ 9) B. 
6 Given g's co-decl. E575 58 Given obl. of eclip. PR 23 2 
3 —2 ) =) ſide 83) = 8 23 |- - Y's co-decl. p) = 73 262 
— | Z.PBY)=04 19 . D's co-rt. al. LEP) =128 43 


lequ. J's co-decl. P) 273 265 
lat. D's rt, af. fr. B, LBP Þ= 7 53 
d the WF Then 92 + K pp + 4 mr) = 

LE) =128* 47s 
on- Vor. I. 


decl. 1 3 027 N.; rt. af. gf 56 395. 
decl. 7 43 8.; rt. af, of 16 478. 
of the equinoctial, the pole of which 
ſolſtitial, take E for the pole of the 


Requir. )'s co-lat.) E = $8 41 
D's lon. fr. S, PE) = 48 25 
mos its abſolute long. is & 18 25 
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_ ASTRONOMY. Book y 
| ELSSCTION WH : 
Of various methods to find the Latitude, 


he uſual way at ſea to find the latitude is from the Sun's meridiong] 

altitude and declination; the manner of doing this will be particularly 
ſhewn in Book IX. But as ft frequently happens at ſea, that the meri- 
dian altitude cannot be taken, therefore the mariner ſhould be furniſheg 
with other means to come at the knowledge of this molt uſeful article, 
To help him in this point, and as a farther exerciſe in the Aſtronomy of 
the Sphere, the following Problems are collected together. 


170. PROBLEM  AXVIL Pl. v. 


Given the Sun's declination and his amplitude; 
Required the latitude of the place. 


Exam. Being in a place where the compaſs had no variation, on a aa 
when the Sun's declination was 18 12“ V., I obſerved him to riſe 629 30 
from the north towards the eaſt : Required the latitude of that place. 


CONSTROCTION. . | 
Having deſcribed the primitive circle, drawn the horizon nr, and 
(IV. 71) taken Ro=62? 30“; then about o as a pole deſcribe (IV. 66) 
a ſmall circle, at the diſtance of 74* 48” =co-decl. cutting the primitive 
in p, the place of the north pole: Draw the axis Ps, the equator £9, 
and the circle Pos, cutting the equator in A. 


CoMPUTATION, | 
| In the ſpheric triangle oa right-angled at a. | 
Given the co-amp. VYo==272 30'|Thenſ,Yo:rad.:: ſ. ao: ſ. aV0. 


| the declin. Ao=15 12 Hence the latitude will be 55% 24 
Required the co-latitude A Vo. N. | N | 
171. PROBLEM XXVIII. Pl. V. 


Given the Sun's declination, and his aſcenſional difference; 
Required the latitude of the place. = 


Exam. When the Sun had 209 01' of declination &. he TID obſerved t 


fet at 4h. 30 m.: Required the latitude of the place. 


As the aſcenſional difizrence is the time that the Sun riſes or ſets be— 
fore or after 6 o'clock; therefore” 6h.—4h. 3om.=1h. 30 m. 
30 Saſcenſional difference. „ 

CoNSTRUCTION. In the primitive circle repreſenting the meridian of 
the place, draw the equator E Q, the axis ys, the parallel of declination 
ro, 20* @1' 8.: Make Y B=222 30% the aſcenſional difference; deſcribs 
the circle of right aſcenſion PBS, cutting ro in o; then a diameter HR 
through o will be the horizon, and R the lat. ſought. 
Comrurariox. In the ſpheric triangle Yo, right-angled at 8. 

Given the aſc, diff. TB=22* 30/ | Then rad.: cot. o:: ſ. M B: cot. Co Vi 

tte declin. oB=20 or Orrad.: co-t. dec.:: ſin.aſ. diff.: tan. la. 

Required the co-lat. COB. Hence the lat. will be 4625 N. 
being contrary to the decl. when the aſc. diff. falls between noon and ſix. 
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Given the Sun's declination, and altitude at fix o'clock ; ; 

Required the latitude of the place. | 

Exam. Being at ſea, on a day when the Sun's declination was 20 04 N. 
bis altitude at. fix o'clock in the cbening was 18® 45“ What was the lati- 
tude of the place of obſervation ? | 


ConsTRUCTION. Having deſcribed the meridian, drawn the horizon 
Uk, the prime vertical zx, and the parallel s? of 18? 45' of altitude; from 


the center Y, with the half tangent of the declination g 200 04, cut the | 
parallel s in ©: Through o draw the axis Ps, and the azimuth circle 


20x (II. 72), and the meaſure of R will give the latitude fought, 

. COMPUTATION. In the ſpheric triangle V ao, right-angled at A. 

Given the decl. Po=20? 04'N.\ Then fin. Vo: rad.::f. A0: ſ. COT A: 
the alt. ao=18 45 


Required the lat. Z OYA Which is 69? 32/ N, as thedecl. isN. 


173 PROBLEM XXX. "EW. 


Given the Sun's declination, and his altitude when due eaſt or weſt ; 
Required the latitude of the place. | 
EXAM. In a'place where the compaſs had no variation, the Sun was ob- 

ſerved to be due eaſt when his declination was 16% 38' N., and his altitude 

20 12: What is the latitude of that place? 
ConsSTRUCTION. In the meridian HzRN, draw the horizon RR, the 

prime vertical ZN, and make Yo=the half tan. of the alt. 20? 12“: About 

0as a pole, at the diſtance of 732 22', the co-decl. deſcribe (IV. 66) a 

mall circle, cutting the meridian in Þ the elevated pole; draw the axis 

P, equator EQ, and through'y, o, s, deſcribe an hour circle ps; then 

the meaſure of PR ſhews the latitude. 

COMPUTATION. -In the ſpheric triangle Y Ao, right-angled at A. 


Given the alt. Yo=20® 124 | Then ſin. Vo: rad. :: fin. A0: ſin. C AVO. 


the decl. ao=16 38N. Or fin. alt.: rad. : : fin, decl. : fin. lat. 
| Required the latit. C AVO. Which is 56° oO“ N. as the decl. is N. 
But had the declination been S., the other interſection of the parallel 


circle and meridian muſt have been taken for the elevated pole, and tne 


latitude would be ſouth, 


*. „„ Pl. V. 
Given the Sun's altitude and the hour of the day on either equinox ; 
Required the latitude of the place. | 


Exam, On the day the Sun entered the vernal equinox, his alt. was ſound 
2 56' at q clock in the morning: In what lat. was that obſervation made? 

ConsTRUCTION. Deſcribe the meridian, draw the horizon, the p:ime 
rertical, and (IV. 68) the parallel s tf of 22* 56' of altitude; from the cen- 
er V, with the half tan. of 45 3 h., the time from 6 o'clock, cut q: in 
oy and deſcribe the vertical circle Zo, cutting the horizon in B. 


CompuTATION. In the ſpheric triangle Y B o, right-angled at B. 
Given the time aft. 6, 0=45® OO As ſ. Yo: rad. :: ſ. BO: ſ. C BVo. 
| the altitude Bo=22 56 [Or ſ. time à 6: rad.:: ſ. alt.: co- ſ. l. 
Required the co-latitude 8 . Which is 56® 34/. 
| - TN 
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1 " PROBLEM XXIX. Pl. v. 


Or fin. decl.: rad. : : fin. alt.: fin. lat. 
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| "PROBLEM Tn. Pl. v. 


Given the Sun's altitude, declination, and azimuth; 
Required the latitude of the place. wy Res 
Ex AM. Being at Jea in a place where the compaſs had no variation, in the 
aſternaon when the Sun was 42 30” high, his bearing was S. 579 4 I, 
2 latitude of that place? 
"ConsTRUCTION. Draw the meridian, the horizon HR, the prime ver- 
tical zx, and the parallel st at 42% 30“ above the horizon (IV. 68) : The 
tangent of 57 45' ſet from A towards R gives the center of the azimuth 
circle ZoN, cutting the parallel of altitude f in o: About o as a pole 
(IV. 66), at the diſtance of 67 307 equal to the co-declination, deſcribe 
a ſmall circle, cutting the meridian in P, the place of the pole; then the 
meaſure of RP gives the Jatitude ſought, _ | Es 
ComPUTATICN. In the oblique-angled ſpheric triangle zop. 
Given the zenith diſt. zo= 4% 30“ | 
the polar diſt. po= 67 30 { Require the co-latitude pz. 
the azimuth CPZO 122 15 | | 
R 10,00000|As fin. alt, = 42% 30 017032 
122* 15. 9,72723| To fin. decl. 1 30 9,5828 
42 30 10. 03795 So co-ſ. vl. = 30 13 993689 
To tan. 4b. = 30 13 9,765 18] To co-ſ. th = 66 42 9,6897 
Then the difference between the 5th and 4th arcs, that is 30 17/ taken 
from 60 42”, the remainder 30˙ 29/ is the co-lat. Therefore 505 31 N. 
is the latitude ſought. | 


| en XXXEE © av. 
Given the Sun's declination, his altitude, and the hour of the day; 
Required the latitude of the place, | 


Exam. Being at ſea, the Sun's altitude was obſerved to be J7* 200 at 9h, 
45 m. in the morning, his deciination at that time being 22 300 N. IWhatis 


the latitude of the place of obſervation © 
CoxsTRUCTION. In the meridian PEsQ, draw the equator Eq, axis 


As rad. 
To co-f. azim. 
So co-t. alt. 


I! 1] {| 


Ps, and parallel of declin. » m, 22% 30“ diſt. from the equator (3d 135). 


Set off from the center A towards Q the tang. of 33 45'=2 h. 15 m.) the 


© Ciſtance between the time of obſervation and noon, which gives the cen- 
ter of the hour circle pos, cutting the parallel z m in o: about the point o 


as a pole, deſcribe (IV. 66) at the dift. of 52 40', the zen. diſt., a ſmall 
circle, cutting the meridian in z the zenith; through 2 o deſcribe an azi. 


muth circle zox ; then the meaſure of zx will give the lat. ſought. 


ComPUTATION. In the oblique-angled triangle zop. 
Given the zenith diſtance 20 S 52 407 = 
the polar diſtance po =67 30 Required the co-lat. 21. 
the hour from noon £2POo =33 45 | | 

As rad, : co-f. hour A. M.: : co-t. decl, : tan. 4th are =69* 31. 
As fin. decl.: fin. alt.: : co-f. 4th are: co-f, 5th arc „ 
Their difference is the co-latitude 18 290. Therefore the lat. is 
71* 31' N. | | | oy 
| | 1177. P R O- 
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W PROBLEM XXXIV. Pl. V. 


Given the altitude of one of two known fixed ſtars, when they have the 
the ſame azimuth ; | 


4 Required the latitude of the place. 

1 Ex AM. Being at ſea in an unknown latitude, 1 22 the ftar Schedar 
be ix Caſſpeia, and Almaach in Andromeda, to have the ſame azimuth, when 
- the altitude of Schedar was 37* 15/ : What is the latitude of that place? 
ole ; | 8 | 
ibe ConsTRUCTION. Let the primitive circle repreſent the equator, the 
the pole of which is P, and any point Y the place where the right aſcenſion 


begins, from whence lay off Ya=27* 37 for Almaach's right aſcenſion, 
and  b=7* 2/ for Schedar's ; draw the circles of right aſcenſion Pa, Pb : 


Deſcribe (3d 137) Almaach's and Schedar's parallels of declination, cut- 


ting Pa, Pb, in A, B; A being Almaach, and B Schedar. A great circle 


paſſing through A and B (IV. 61) will be the azimuth they are on. About 


3 at the diſtance of 52 45/, Schedar's zenith diſtance, deſcribe (IV. 66) 


{3 a ſmall circle, cutting the faid azimuth: circle in z, the zenith of the 
| 4 place; draw Pz, which meaſured on the half tangents gives the co-lati- © 
(4 tude of the place of obſervation, | 
74 1 | 
hn o  ComyeUuTATION. 
N. 1ſt, In the oblique-angled ſpheric triangle Ap ;. | | 
' Given Almaach's co-dec. PA=48? 44“ Required the angle of poſi- 
v Schedar's co-dec. PB=34 40 tion AB. 
8 their diff. of r. aſc, C APBSν a O 33 | For the ſolution, ſee IV. 265. 
As rad. 900 © 10,00000| As fin. 5th are 12% 11 we {os 
, Toco-f. C ATB 20 35 9,97135| To fin. 4th arc 46 51 9,863 
at 8o is tan, ap 48 44 10,5676 So is tan. C APB 20 35 9,57466 
To tan. 4th are 45 51 10,02811| To tan. 8 52 23  10,11335 
N18 The fide Be =. | $2 
Sh The 5th are 12 11 9 : 
en- 6 | 85 3 
10 2d. In the oblique ſpheric triangle pBZ. | „ 
nall Given Schedar's co-dec, PB = 34 49 | Required the co-lat. pz. | 
21 Schedar's co-alt. 82 = 52 45 For the ſolution, ſee IV. 165. 
angle of poſition PBZ = 52 23 Here C BZ ſup. 4 PBA, 
As rad, De 10,000090 | | . | 
| To co-f. C poſit. 52023 9,78560| As co-f. 4th are = 2253“ 0,03560 
IP, 80 co-t. Sch. decl. = 55 20 9, 83984 To co-ſ. 5th arc = 29 52 9g,93811 
8 . So fin. Sch. dec. = 55 20 9,915 12 
To tan. 4th are = 22 53 962544 | | | —' ä — 
Which taken from 52 45 = 2 [Jo ſin. lati = 50 44 988883 
Is Leaves Ich are 29 52 x 


0. 1 1 
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178. BEEM XXXY, LV, 


Given the difference of time between the riſing of two known ſtars; 
Required the latitude of the place. 


ExAM. Being at ſea in an unknown place, the ſtar Aldebaran Was 0b. 
ferved to riſe 3 h. 15 m. later than the bright flar in Aries: Required the 
latitude of that place. VV | 3 
Bright ſtar in Y decl. 22 25 N.; right aſcen. 1 h. 54 m. 498. Alde. 
baran's decl. 1603“ N.; right aſcenſion 4 h. 23 m. 198. 


- CONSTRUCTION. 3 


Let the primitive circle repreſent the equator, deſcribe (3d 137) the 
parallels of declination of the two ſtars, that of Aries being 22 25 N, 
and of Aldebaran 1603“ N.: Draw ya for the circle of right aſcenſion 
paſſing through the ſtar in V, which ſuppoſe in A: From a lay off ab, 

237 72 =diif, of right aſcenſions; and ac=48* 45 = 3h. 15 m. the I 

diff. of time between their riſing; draw by, cp, cutting the parallels of 
declination in B, c: Through the points B, c, deſcribe (IV. 61) the 5 
great circle Hox; draw po at right angles to HR; then the meaſure of po 

will give the latitude ſought. . 


CoMPUTATION. 
In the oblique-angled ſpheric triangle PBC. 5 
| Given B's co-decl. PB=77* 57 Rad.: co-ſ. . Byc:: t. PR: t. M73 38. | 
A's co-decl. PC=67 35 From M take pc, leaves N = 6 of. 
CAC APBELZ BC II 37/2 As ſin. N: ſ. M:: tan. PB: t. c= 
Required the angle PCB. Hence EZ. pco=61*? 54/. [118 ob, 
In the ſpheric triangle Pco, right-angled at o. | 5 
Given c's co-decl. pc=67*® 35 [ As rad. : fin. PC. :: fin. C pco: fin, 


and the L pco=b1 54 [ro 54 38. 
Required the latitude po. Therefore the latitude is 54 38'. 
I's -- PROBLEM XEXTE  . - Ly, 


Two known fixed ſtars being obſerved to have the ſame altitude; 
Required the latitude of the place of obſervation. 


Exam. In the evening, the flars Capella and Procyon were obſerved at 
the ſame time to have each 38* Oo of altitude: Required the latitude of the 
place where that obſervation was taken. „%%% 

Capella's decl. 45 45/ N. right aſcen. 5 h. o m. 28 s. Procyon's decl, 
=5' 47 N. right aſcen. 7 h. 27 m. 48s. 

| Cos TRUCTION. 


On the plane of the equator, repreſented by the primitive circle, de. 
ſcribe (3d 137) the parallels of the given declinations; take ab= 30" 500 
the diff. of the given right aſcenſions; draw Pa, Pb, then A repreſents 
Procyon, and B Capella. | : | 
About A and B as poles, deſcribe (IV. 66) arcs of ſmall circles, at the 
diſtance of 527, the co-altitude, and their interſection gives 2 the zenith of 
1Þ the place : Through the points a, B; Z, A; Z, B; deſcribe great _ 
| | (IV. 61) and draw ze, the meaſure of which will give the co-latitude 
1 ct the place of obſervation, | 
1 | C o M U- 
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> ComPpUTATION., | 
In the oblique angled ſpheric triangle aps. 


Given A's co-decl,  AP=84*1J|Rad.: coſ. C P:: t. B: t. M37 577 
N B's co-decl. BP=44 15 And Mak. fr. PA leaves N=46 16 
5 diff. rt. aſc. C APB=306 50 Sin. N: fin, M:: tan. P: tan E BAP 
: Required the ſtar's diftance AB, 8 "30" 28 
And the angle BA. Coſ. M: coſ. N:: coſ. 5 : coſ. BA=51 06 
e In the oblique angled ſpheric triangle Az B. EI 
Given A's co- alt. ZA=$2* oO The angle Baz will be found 
B's Co-alt, ZB=52 O00 | 68? 04 | OO 
ſtars diſtance AB=5I O6 |Then Z BAZ — L. BAP= L. PAZ 
be. Required the angle z AB. 3 | | 
N, In the ſpheric triangle Az p. . | | 
” Given A's co-alt, ZA=52* © Rad.: coſ. C A::t.za:tMmz47* 29/ 
th A's co-declin. AP=84 13 |M taken from PA leaves N=36 44. 
x the angle ZAP=35 30 Colf.M:cof.n::coſf.zA:cof.Þz =43 o6 
E Required the co-lat. ZP. Therefore the latitude is 46? 54 N. 


Po "> PROBLEM XXXVIL Pl. V. 


Given the altitudes of two known ſtars; 
Required the latitude of the place. 
Ex AM. The altitude of the Hydra's heart was obſerved to be 40044“, 


8. and of the Lion's heart 45˙ Oo What is the latitude of the place of obſer- 

1. vation? | | Z 

= Hydra's heart, dec]. = * 43 S.; right aſcen. = 9 h. 16 m. 47 . 

0. Lion's heart, decl. 13 O N.; right aſcen. ꝙ h. 56 m. 39 f. 

in. 55 CONSTRUCTION. | 

8. If this problem is conſtructed on the plane of the equator, it will be in 
every reſpect like the laſt; only the ſmall circles, detcribed about A and 

v 5 are to be unequally diſtant from their reſpective poles A, B. 


CoMPUTATION. 
Here, as in the laſt, there will be three ſpheric triangles to work in; 


at namely, the triangles APB, z AB, and zB. | 

the ; 33 triangle APB, where aP=97? 43 B= 76 58, LAB 
9 58“ 

ch As rad. : coſ. AAPB: : tan. BÞ : tan. M=76® 462“. Then ap—M=N 


=20" 5727. | | 
As ſin. N: ſin. M:: tan. Z APB : tan. BAP=25? 34/. 
And as coſ. M: coſ. N:: coſ. B: coſ. Ba=22 59. | 


de- In the triangle Baz, where Az = 40 16, Bz=45? o&, AB 22 50. 

. The angle BAz will be found equal to 68 0. 

nts Then BAZ — L BAP EC PAZ 43 227. | 
In the triangle Apz, where ay=97* 43), Az 40 16% C PAZ 439 22. 

the As rad. : coſ. PAZ : : tan. Az: tan. M= 40 100. Then APM 

of N=57% 33. . „„ I 

les Wl And as coſ. u: coſ. x :: cof. az : col. PEG 300 

ide Hence the latjtude ſought is 27* 16 N. 


R 4 1381. PRO» 
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= > | PROBLEM XXXVII. 1 


Given the Sun's declination, two altitudes, and the time between the 
obſervations; | - | | 
Required the latitude of the place. 


Exam. On a day when the Sun's declination was 20 00' NM, in thy 
forenoon the Sun's altitude was obſerved to be 18% ZO', and three hours after 
his altitude was 44* 00' : What was the latitude of the place © | 


ConsTRUCTION. 


Let the primitive circle repreſent that hour circle on which the Sun 
was at the firſt obſervation, E being the equator, then Aa, the parallel 
of 209 of declination, gives A the Sun's place at firſt ; and as cis the 
tangent of 45% Q will be.the center of the hour circle PBs three hours 
diſtant from the former, its interſection, B with the parallel of declination, 
is the Sun's place at the ſecond obſervation; About A as a pole, at the 
diſtance of 71 3o', the firſt zenith diſtance, deſcribe (IV. 66) a; ſmall 
circle; about E, as a pole, at the diſtance of 46® oo”, the ſecond zenith 
diſtance, deſcribe (IV. 66) another ſmall circle, cutting the former in 2 
the zenith: Through z, A; 2, B; A, B; P, z; deſcribe (IV. 61) great 
circles; then Pz; is the co-latitude required. = 


LD CoMPUTATION. 
Here are three triangles to work in; namely, Ap, ABZ, Bpz. 
In the iſoſceles ſpheric triangle aps, 1 


Given AP=70* Q0' | Suppoſe the perpendicular pb is drawn. 
| BP=70 CO | Rad.: tan. Br: : cof. PB: cb-t. C PBA=81® 50“ 
{. APB=45 OO | Rad. : fin. ps : : fin. CBC: fin. Bb=21* 047 
Req. LAB and AB, | Then Bb double gives AB 42 09/. 


In the oblique angled ſpheric triangle ABZ. 


Given Az=712 30“ | Then working with the three ſides, the angle ABz 
BZ 246 00 will be found = 114% 111. 
| AB=42 C9 | And 4 ABZ— £PBA=PBZ=32® I5/, 
Required 4 ABZ. TUE 


In the oblique angled ſpheric triangle PBz. | 
Given PB=70? 00" | As rad, : coſ. /.PBz : : tan. BZ: tan. M41 13. 
'F Bz=46 oo | And pB—M=N=28* 47/. | 
{. PBZ=32 15 | As cof. M: coſ. N:: coſ. By : coſ. P 300 50%. 
- Req. the co-lat. pz. | Therefore the latitude is 54 01 N. 


182. If the Sun's altitude can be taken both before and after noon, 
when he has equal heights, then the time between theſe two obſervations 
being biſected, wiil give the time when the Sun was on the meridian : 
Now the co-declination, the co-altitude, and the time from noon at 
either obſervation being known, the latitude may be readily computed in 
one oblique angled triangle, in which are known two ſides, and an angle 
oppoſite to one of them to find the other ſide, which is the co-latitude z 
for which {ce the problem, art, 1767. 


Bc 


16 


th 
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= PROBLEM XXXIX. Pl. v. 


* Given the Sun's declination, two altitudes, and the difference of the 
magnetic azimuths; | 1 | 
Required the latitude of the place, 


er Ex Au. On the 21/4 of May, the Sun's declination being 205 10' N, in 

he morning when the Snn was on the ESE point of the compaſs, his altitude 
was 43? 307; and when he bore S. 20* 30 E. his altitude was 58* 3o/;- 
Ihat is the latitude of the place of obſervation ? 
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in f 
8 CONSTRUCTION. 1 
e | | | h 8 
m Let the primitive circle repreſent the azimuth circle which the Sun 

* was on at the greater altitude, 58” 30“ A being the Sun's place at that 


time, HR the horizon, and 2 the zenith; draw aa a parallel of 435 30“ of. 
altitude, and (IV. 75) deſcribe a vertical circle, making an angle with Az, 
of 47* OO, the difference of the obſerved azimuths ; the place where this 
cuts the parallel of altitude aa, gives B the Sun's place at the firſt obſerva- 

tion: Then ſmall circles being deſcribed about A and B, as poles at the 

diſtances of 69* 44 the co-declination (IV. 66), their interſection will 

give P the place of the pole: Throngh A, B; P, A; P, B; and z, r, de- 

ſeribe great circles (IV. 61); then Pz is the co-latitude ſought. | 


2d gs . 1 St 
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 ComPUTATION. 


65 iſt, In the ſpheric triangle A2 B: Given az = A's co-alt. 31 300 
| — . BZ = B's co- alt. = 46 30 
AzZB = diff. of az. = 47 00 
* Required Z ABZ 2 45 44 
, 5 „ AB 2 32 17 
2d. In the iſoſceles ſpheric A ApB: Given ap = A's co-decl. = 69 44 
I : BP = B's co-decl. = 69 44 
AB = diſtance” = 32 17 
13. Required Fl ABP <5. 83 52 
. 34d. In the ſpheric triangle zBÞ : Given BZ = B's co-alt, = 46 30 
yo PB = B's co-decl. = 69 44 
CBF | = 30 11 

oon, Requir. 2p = co-lat. 


30 21 


Therefore the latitude of the place is 50 39/ N. 


the great circles Ac and yz; then the meaſure of Pz gives the co-latitude* 


30? 097”. 


Ka 39'. 
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184. "PROBLEM I. 


Two known ſtars being obſerved on the ſaifte azimuth, and two other 
known ſtars being obſerved on another azimuth, and the time between 
the obſervation being known; to find the latitude of the place. : Ii 


Exam. The flars Aldebaran in Taurus, and Rigel in Orion, were 4 i 
ferved on the ſame azimuth ; and 2 h. 35 min. after, the flars Caſtor in G. 
mini and the Hydra's heart were alſo obſerved on another azimuth : Whit | 


uus the laittude of the place of obſervation © 


Cons FTRUCTION. 


On the plane of the equator put the ſtars Aldebaran and Rigel at A, 1 F 


alfo the ſtars Caſtor and Hydra at c, d, by the means of their right aſcexs | 


fons and declinations (2d and 3d of 137): Let the ſtars c, d, be remove 


forward 2* 35”, or 38* 45' to c, D; through a, B, and p, c, deſeribe 


(IV. 61) great circles interſecting in z, the zenith of the place; dan 


required. | | 
CoMPUTATION. 4 
15® 03/ N. right aſcen. = 4" 23® 19, = 65 39% 


8 28 S. 5 03 58 =-75 59 ; 
32 217 N. | =7 20 33 =110 oi 


* 29 16 47 =139 1 


Aldebaran's declin. 
Rigel's 

Caſtor's 

Hydra's heart 


THIEN 


Iſt. In the triangle PAB, where n gg 28, f 57; £ an 
Then the CAB will be 1565 50% and the C PAZ, the ſuppl, 23 91“ : 


2d. In the triangle pp, where PDP=97® 47, rea 57 39, Leb 


220 O4. 


Then the Z rcp will be 1405 og), and the E re, the ſupp.=39* 51. 


zd. In the triangle apc, where ap=73* 57', cP=57* 39, LAP 
332 „which is the difference between 2 h. 35 m. and the difference of the 
right aſcenſions of A and c. 5 | = 
Then the Ly Ac will be 16? 12/, 4pca=161* 30% and ac=17* 0. 
Now CAC APAZZ4CAZE39? 13“; and C CA CPC LAC 
4th. In the triangle acz, where ac=17* o 0; 4.caz=39* 13“; Lac 
=121* 39. N N — 
Then cz will be found equal to 287 26. | ** 
Sth. In the triangle cPz, where cz528* 26', cp=57* 39, LP | 

d 10. | | " 
Then vz will be found equal to 387 49/. 3 | 
And the latitude of the place of obſervation is 51* 11. N. 


There 


ASTRO 


Bubis. 


Hob. g. 


NOMY ; 


2 
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There might be given a great variety of other problems to find the la- 
de from various circumſtances; but the trouble of ſolving them, as well 
ſome of the foregoing ones, is too great to render them of general uſe : 
nd indeed ſome of them were only inſerted as trigonometrical exerciſes 
r young ſtudents ; it being generally allowed that the ſciences are moſt 
adily learned by working many examples: And on this account it was 
deed, that the few following queſtions might not only be entertaining 
o thoſe who have a love for theſe matters; but on ſome occaſions might 
uſefully applied at ſea. RT * 


C PRODLLEMN Ia 


ven the Sun's meridian, or mid-day altitude 0 
And its mid-night depreſſion, below the horizon, 22 00. 
quired the latitude of the place, and the Sun's declination. 


$0LUTION, Let the circle HZR be the meri- 
- dian; | => 
arc Hm, the meridian alt. ; its 
ſine Fm; | 
are Rn, the mid-night depreſ- 
ſion; its fine V; 
21m, the parallel of declination ; 
277 parallel to m the equator 
Ps, at right angles to Q, the 
axis, or © o'clock circle. 


Now HQ + N= Hm 5 . . 
nd — For HQ=Rqz and = 
. 


en ac. ◻œœ＋ Sco-latitude 42 00', 


5 Um RN _ 5 
And Q S adeclination 20 % 

In the following problems, as it was the method of computation which 
vas chiefly intended for the information of beginners, the conſtruction is 
ſuppoſed to be done: And the lines and letters, as here deſcribed, are to . 
be underſtood to repreſent the ſame things in each figure. 


186. PR O- 


\ 


252 AS T RON O Mx. 


_— FADE LEM MME; 
Some time in the month of May, 1780, at-a place in the weſtern ocean, thy 
Sun's meridian altitude was obſerved to be 62 OO; and 1 48 1: ter 
the altitude was found to be 54 30“ Required the latitude of that place, and 
the Sun's declination. | | , DEE ES 

Let m and a be the Sun's places at the given — 

| times. | EIT | 

mr, AD, the ſines of the obſerved alti- 
-—ugces- - 


MB the * of thoſe right 
: fines, | | 


Book V. 


C Qa, the given interval of time, 
and , the verſed fine of that interval. DES 
Now g: Qq*: ma: mn (II. 182). And ma:mni: mR: MK (II. 16, 
Therefore Q: G:: nB: mk=mF+nf.. . | 
QqxmB 2 xradius x diff, of fines of alts. 
a © verſed fine of hour from noon* 
But verſed fine of an are twice ſquare of the ſine of half that arc. 
| (LV. 193) 


And mk = 


2 XR X diff. ſines of alts, diff. of ſines of alt. 


0 b + 255, x hour à non * s, + hour à noon* —_—_ N 
being 1. e e en 

Or 1, diff. fines of alts.—2Ls, 2 hour 4 noon g, ſum ſines, mr + rf. H 

Here 1* 48® 14%=27* 3“ 30”, (131) | Alt, 629 oO nat. ſine , 88295 (Iv. 256 Tim 

| Alt. 54 3o nat. fine=0,81412 5 

And 2 hour à noon=13%31 45”. [Diff. of ſines of alts. =0,06883 G 

Now diff. fines alts. , o688 3; its lag. 8gß83778 f nf= 

2 hour à noon ==13® 31' 45”; twice its log. ſine 8, 73822 | 2 

4 = =1,2574 the number to log. 15,0994 * 

my Do, 8829 the nat. ſine of 62® oo the meridian altitude. | 

uf ==0,3745 the nat. ſine 21450 36” the mid-night depr. "= 


Sum 83 59 36, its Z 41 59} 48'=co-lat, 
Diff. 40 OO 24 its 2 20 oo 12 dec. 


Latitude 48* / 12“ N. obſervations made on the 19th of May. 


The mark à is uſed for the word from. 
+ Here 8, is the index; becauſe 6, the left-hand digit of o, o6881, is in 


the place of 2ds.. RY „ UIES EN 
1 The log. fin. of 130 317 is 9,36871 ; and of 14* 32/ is 9,36924 ; their diff 
is 53; then Go”: 53 :: 45” : 40; and 9,36871+40=9,30911 ; its double 
1s 8,73822, rejecting 10 in the doubled index. ; | 

In ſubtracting 8,73822 from 3, 83765; the index of the minuend is to be 
increaſed by 10 for a radius; or augment o, the index of the remainder, by 10. 

{| The log. 10,09944, having 1o for its index, ſhews that the left-hand 
place of its correſponding number ſtands in the place of units. | 


To. find the degrees, minutes, and ſeconds, to a given natural right ſine. 


Now »f=0,3745 its log. is ,57345 ; which ſought among the log. fines, | 
falls between thoſe 21 21 = 1 ; the — of their logs. is 31; 
and the difference between the given log. and that of 21 50 is 19; then 
31: 19 :: 60“: 36“; ſo that F anſwers to 215 59 36”, (iv. 257.) 

| : 187. P R O- 


ck v. AS TR ONO M X. | - "nome 
57 PROBLEM XIIII. 


Bring at ſea, ſome time in Faly, in North lat. the Sun was obſerved to rije 
at 4h. 247. 36s. A. M.; and in the Jame place, his altitude at noon was 
62* 00' Required the latitude of that place, and day of the month. | 


riſing, and at midnight,  . | 
y = af, fines of , er alt. and midnight Q 
depr. TS, | 
o He ſine of the aſcenſional difference. 
v the verſed fine of the time of ſetting 
fom midnight. 5 | | | 
Oy gradius + {ine of the, aſcenſional dif- 
ference. — N | 


Let m, Vs n, be places of*the Sun, at noon, M. P 


Now Op: 29 : : (mv vn: :) ur: uf. 


Then 1 => en 


3 or Ls, of =P, QU+Ls, MF T Lv, Crx. 


Or, L, OY Ls, merid. alt. 14215, I time @ midnight 1, 2=Ls, mid- 
night depreſſion. f | 8 


Here ov=(s, Ih. 35m. 24. , 23 5 , 40435; and QU=1,404 3, 
Time from midnight 4 h. 24 m. 36 s.=66* 09}; its half 33* 420 


G 1,4043 its 1 | 9,85254 
nF, 629 its Ls, 9,94593 


= f 66, 330 4x 215, 9747397 
1 1 L 0, 30133 N 
if=21% 59 40” its , 9,7347 


5 Merid. alt. 620 o o“ 


Mlidnt. depr. 1 59. 40 


Sum 83 59 40; its 2241 590 1 
, Diff. 24 © 30; its 2220 © 10 
b Latitude 248 & 10'N. | | 
Declination So G 10% N. on July 23d. (185) 


188. PR O- 


— 


—— PEI — _ — - r 
- _—_— — 
—ͤ 7% W — — — — * . —— 


night. 


i the fine of the midnight depreſſion. 


1 | P ROB LE M XLIV. | 
At a place in the northern hemiſphere, 2 time in the mintb of May, th 


Sun was obſerved to have 14 43% altitude at 6 h. P. M. and to ſet at 


Th. 35m 245. : Required the latitude of that place, and day of the month, 


Let n, N, v. n, be places of the Sun, at noon, 6 o'clock, ſetting, and | 
at midnight. See the fig, to Problem 43. ; | 


mr, Nt, fines of the altitudes at mm and vx. 
Ov, vg, and O, the ſame as in the laſt problem. 


Now ov : vg: : (nv: vn: :) Nt : uf. Then 1L,nf=1,0v+L,Nt+1,vq, 

Alſo ov-: :: (NV: vm: :) Nt: mr. And L, MF = LOoUA L,Nt+Lyqu, 

Here ov=s, 23* 51'=0,404 34; and QU=1,4043. DR 
qu=v,06* og =255, 33* 4X. 


Then o, 23* 510 its 1s, 0, 39325 And 00==5, 23 TH its 1's, 0,3932; 
x= 14* 437 Ls, 9,405 14% N!==5,14 432 its Ls, 9,4014 
i ar 917397 = % 43: un Ly 101% 
2 | o, 30103 — 
5 — mF=5, 62 © its Ls, 9,9458; 
nf 5, 220 of 9.57339 — — 
dS aaat | | 
'Then — fn ==42*, the co-latitude. 
0 — RS - 
And — =20", the declination anſwering to May 19th, (185 
139. PROBLEM XLV. 


At a place in the weſtern ocean, ſome time in Fuly, the Sun's altitude 
was obſerved to be 36® at 3h. 51m. 49s. P. M.; and was ſeen to ſet at 
7 h. 35 m. 245. P. MA. Required the latitude of the place, and day of the 
month. | | > 

| EE, | 2 

Let m, c, v, *, be the Sun's places at noon, — 
at 3h. 51 m. 49 f. at ſetting, and at mid- 


mf, 1F, the fines of the altitudes at , c; 


Oc, ov, the fines of the times from 6 h, and cv, 
their ſum, 5 | 


FP 


Het 


Th 


kV. ASTRONOMY. a. 


Nowe: OY: ler: vm: n: me. Or 1 , cv LS,IF + L, OW. 
And cv: 20: :(: vn: :) IF: . Or LS, L, cu f LS,LF + Lev. 
Here oc 5, 2 h. 8 m. 118. 2 32 2/ 45” =c,53059 


o =, Ih. 35m. 248. =5, 23 51 00 9 cV=0,93493 


Qv=1,4043; qv=v,66%'=255,33%4"30"; orL;9v=2L5,33% 47 T 12. 
Then L',cV==0,93493 0,02922 And L CV=©,97 493 0,02922 
L5,1F==36® 00 9,76922 I.: DEO 9.76922 
, =, 4043 W 1255 45 9.47307 

: — _—_— __—_ ___ — 2 , 30103 


In 52· o 994590 


— — — 


"db a 0 | | 
Then — =42, the co-latitude. 


6 27 8 | | 
And - 7 =20, the declination, anſwering to July 23. | (185) 


100. | PROBLEM XLVI. 


Some time in the month of May, at a place in the weftern ocean, the day 
brite at 1 h. 45 m. 36 5. A. M.; and at 8h. 8 m. 11s. A. M. the Sun's 
altitude was obſerved to be 36* : Required the latitude, and day of the month. 


Let u, c, 1, n, be the Sun's places, at noon, at 8 h. 8 m. 11s. at the 
leginning of twilight, and at midnight. 
mr, IF, the fines of the altitudes at mc. 
FT, FK, the fines of the depreſſions at r, u. | 
oc, Os, the fines of the times from 6 h. and c 5 their ſum, 


Now & : Qs : : (cr: nr: :) IT: mr, And mI—FT=mF., 
Alſo cs: :: (Cr: cn: :) IT: IK. And IK—IF=rxf. 
Here 1F =5,36* oof 2,6877877 

| FT=5,18 OO =0,30902 T=0,69680' 

oc =5, 2h. Sm. IIS. =s, 32* 2' 45 , 53059; and gc =1,5306 


0s =5, 4h. 14m. 245. , 63 36 00 =0,89571; and Q5=1,8957 


Then cs 9,8457 gs 9.84579 |mT—FT=nF=0,8829 the 5, 629 oo? 
iT 9,95 2691 r 9,952069|1kK—IF = F, 37458 the 5, 22 00 
10, 27777 % 10, 18486 Hence the lat. 48 N. 

mr 10, 7625] IX 9,983 34 Decl. 22% 00 N. anſwering to May 19th. 


— —— “ — — gies 


= 1, 1919 2 096237 
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_—_ .-0BLEM Men. Then 


In the month of May, at ſome place in the weſtern ocean, the Sun's altitude 
at Gh A. M. was 14* 4.37 3 and at 8b. 8m. 11s. its altitude was 36® : Ne. 
quired the latitude of the place, and day of the manth. _ 


Let mn, c, N, u, be the Sun's places at noon, OQg5 | And 
at 8 h. 8m. 11s. at 6h. and at midnight. N N 
mF, Ir, LF, the fines of the alts. at m, c, N. (EF E$&R_+/ 103+ 


F the ſine of the midnight depreſſion. 


oc the fine of 2h. 8m. 11s. - T— B 
N 7 altit! 
the l 
Now oc: 0Q :: (NC: Nm: :) IL: mL. Then m T Lr Mr. Let 
And oc: cg: : (NC: cn: :) IL: IK. Then 1K —I1F =. = 
Hence L, LL, Oc Trad. L, II. And IL, IK, LOST LTL, II. | 
Here ot, zh. 8 m. 11s. ==530* 2 45 Do, 5 3059; and cqz=1,5 306. 
1F==5,30% O, 58778; and LF==5,, 14* 432 m, 25418; fo 11g, 3336 In 
oc 320 2 45 its Ls, o, 275 24 oc=32% 2 45 its Us 0,27524 
1L g, 3336 its 1. 9.5233 11,3336 its 1. 9.52323 F 
Rad. | 10, OOο e =1,5306 its L, 10,18486 Fg 
Then mr , 88292 the ſine of 62 00/ the meridian altitude. Ur 


And nf=0,37450 the ſine of 22 oo the midnight depreſſion. 
Hence the latitude is 48*N. decl. 20* N. on May 19th. | (185). 


192. PROBLEM XLVII. 


At a place in the weſtern ocean, in the month of Fuly, the Sun's altituit 
was found to be 46* at 2 49" of P. M.; and to be ze high at 30 51% 49 
P. H. Required the latitude of the place, and day of the month, 


Let m, B, c, u; be the Sun's places at noon, at 2h. 49m. gs., at 3h, 
51 m. 498. and at midnight; and mr, H, IF, the fines of the alts. at u, £ 
By C. Ob, Oc, the co-ſines of the time from noon ; or the fines of the 
time to 6 o'clock. = ; 


Now be: Qc:: (BC: mc: :) HI: ml, Then F mr. 
And bc:bq:: (Bc: Bu: :) HI: HK. Then kK—HF=FK=vf. Is 


Here ob =5, 3 h. 10 m. $18.==5,47* 42 4 Doo, 8 | | 
0c==6 2h m. 11 N 2 ” — Hence Ic, 20919 Let 
HF 2=5,40*=0,71934 3 1F , 36 , 5 8778; HI=0,13156; 6q=1,7 398. 
Allo Qqc=(ver. ſine of 57% 57 15"=) 255,% 57% 57 15 Sn, 28 58 37-. 


Then 4 


EI om Cm — — —̃ [T_XTHL/V-] e oo = _ [a  [LOLE'[E[[FR[SHSY_MHHH ũͤm , ͤͤ—ä— ——— — — — — — — - —— —U— — * 
—— — — - 5 1 
— ' 


—_— 


i : \ 


Book V. ASTRONOMY, 257 
Then = o, 20919  0©,67947 And bc=0,20919 - -0,67947 
H1=. 013156 *Q,11912 . HI=0,13150 9,11912 
, „ 58 37” 9, 37050 bq=1,7398 10, 24050 
b "NE? 1 | 0,30103 TH: -* —— 
| Þ — HK==1,0942 10, 3909 

m, 295 20 9,4702 . — 


Then wr==0,88298 the fine of 629 the mer. alt. Hence lat.==4® N. decl. 
And nf—0,37 486 the fine of 22 the mid. depr. 209 on July 23. | 


103, PROBLEM XIIX. 


Being at ſea in the weſtern ocean, the Sun was obſerved to have 270 24' of 
altitude when due W.; and to have 14 432 alt. at 6h. P. M.: Required 
the latitude of that place, and the Sun's declination, 


Let c, v, be the Sun's places at W.; and at 6h. 5 p 
oc, Nt, the fines of their altitudes. G 
cc oN, the arcs of declination, | 
coc 4. Not=latitude. 


| 95 C 
In Ao N. As s, ON: R: 25, Nr:, C. rot R. 
ö 3 , 


„ Nt - | | 
Then c 2 And 55,Cc=5,0C N 5,Nt. 
$,0C S$,ON H Cc ; 


1— 1 Www — ©. 


Or 5 alt. W. Xs, alt. at 6=55,dech, O 


72 — W. a Ls, alt. 2 Ik dec; 
es And L's, alt. W. + Ls, decl. Ls, lat. 
0C==5,279 24 its Ls 9.66295 | R 

| N= 14 437 its 1, 94054 


Sum 19, 6809 


cet 20000 9:5 3404 | 
oc = 27 24 its 1 | 0,33705 EE 8 
9.87 109 


LQWz= 48 00 


194. "PROBLEM 4 


At a place in the weſtern ocean, the Sun at riſing was odſerved to be 50 
15 40“ from the true north point of the horizon; and at 6h, A. M. the 
altitude was obſerved 14% 437 Required the latitude and declination, 


J: Let v, and x, be the places of the Sun at riſing and at 6 h. A. M. 
J rt, the fine of the alt. at 6. on, vv are arcs of declination, 
5 ov, the aſcenſional diff. ( Not lat.; £4 vou co- latitude. 

| ov, =co-amplitude, . | 


Ver. I, N 8 Nor 
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| „ X 5,VOY 
Now in A ovv. As R: , oV: : 5,vov : 5 VO Z=————— 


0 . 5 
in A Not, As 5, Nof: R:: Nr: 50N wi no 
z NO 
$,0V X SVOU__ 5,Nt : | f „Nr 
Then t K, and S, VOU X 5, NO? =-2— Xx RR. 
R S$,NOZ7 | $,OV 


Ni 


2s, 
Ov 


= (2, N Of X SN Or =) Zxot. 
(IV. 189) 


Therefore L's, ampl. + Ls, alt. at 6+ 1,2=1s, double the latitude, 
If the latitude is leis than 45* ; otherwiſe it is double the co-latitude, 


. $ N 8 * . 
* =5, Not X 5, Not; hence 


1s, ampl. 59 15' 40” o, 29147 Rall. „ 1000000 
Ls, alt. 6 14 43 30 940514 „, ampl. 59 15” 400 9,708;3 
L, 2 o, 3010 P, lat. 47 59 992565 


Ls, 840 02”. 9599764 5 decl. 20 '©0 9,53418 


Co-At. is 42 or 


195. PROBLEM LI. 


Being at ſea in the weſtern ocean, ſome time in the night, the diſtance if 
two ftars, when both were on the meridian, was obſerved to be 20®; and 1. 493 
after, the difference of their altitudes was 14 352 and the difference if 


their azimuths 30® 93” : Required the latitude of the place. 


As the ſtars were on the meridian when firſt 
obſerved; their diſtance, difference of declina- 
tion, and difference of altitudes, at that time, 
are equal: If they are firſt at d, &, and in the 


difference of time revolve to p, B; then is FT SJ 
| | it 


known Zz. p, L DZB, DB, and ZB—7zD. 
Let zB—ZzD=N; and find ZE Zz DEM. 


Now (IV. 239) H X5,2D X$,D7B+5,2D BDB. 
Or (IV. 181, 174) K , went ben ffn os 
Or 5,DZB X E, N— , DZB AMT ZN TEAMS, DB. En 
Or „DZB +1X Ls,N + 1—$S,DZB * 26,1 l. . 
25 ,DB—I TC DZBXS,N __ N29 DB-, DZB NS, N 

1— DZB =) V, DzB. 6 
25,DB v,DZBXSN_\ 2 25 LDZB XS,N 
VDZB P, DZB Jus, bz 2 zB 


AV. 193, 197} 


Let 21, f pzB+LS, DB=L,A; and 215, D2B+2L's,Z DZ BTL, NL, 


Then S MS=A— 3. | 2L 5 2DZB 1, 16952 21, z  1,16952 
Here DB=20* co' Ls,DB 9597299 2L'S,1ZR 
ZDzB==30 92 A=1 3884 1,14251 LI, N 


| 2 £.DZB=15 4 1331 N B= 13,331 1,12488 
zz NIA 3351 „u 0,553; and 28 T2 D 569 25“ 


Then 4 fum + & diff, zB = 35® 307” 3 and 5 ſum—2 diff. =zp=20* 55/. 
Now DB : „ DZ B:: „ ZB: 5, DE; and SZPD : „DZ:: „zD: „zP 42" /. 
Hence the latitude is 47 507 N. | 
100. | ROB LEM EF : 

By obſervations made at a place in the weſtern ocean, it was found that 
i: Sun's altitude was 36? S., when his azimuth was NM. 100? 5 E. and 


ak. was 46% S., when his azimuth was N. 114% 28' E. hat was 
the latitude of the place and the Sun's declination? | 


Let a, B, be the Sun's places when obſerved. 
In the triangles PAz, PBz, where PAZPB, 
OLP XSLA—SPLAXSZP X „z A „PA. 
br IV. 239 OZP X SBS PZ B X „, 2 XS,ZBES PA. 
Then „PZH 5, AB X-5,2P—S,PZAXS,ZAKVHZPESZB X $,7.P—SZAXSZP. 
Or „ZB 5,2B—S,PZA XS,ZA XSZPES ZB—S",LAKS,ZAXSZP. 
„ZB N 5, Zz B , PZ AN 5, z A 75, P 
Then 8 8 =( | 
5 „ZB — 55 A 95 Z P 
the latitude. | | 
Let 1's, PZB + Ls, ZB = L, A: And Ls,PZA + Lz A = I, B. Then 
A B 


. 33) bir) $5 K * 


. ——— 
0 SZB—S,ZA | | | | | : 

Here A=0,14104; B=0,28770; $,2B=0,71933;z „z A = o, 58779. 
f 0,I3154 __ 4 1 0 1 0 ; 
n 806 29005=64 e. Hence lat. is 48 83 decl. 200 N. 

u. IT 


Given two altitudes of the Sun and the time from noon when thoſe allitudes 
were taten; thence to find the latitude and declination. | 


EXAM. At 8 h. 8 m. II s. A. M. the alt. was 36; and at 9h; 10m. 
Jug. the alt. was 46 at a place in the weſtern ocean, ſome time in 
Maj, 1763. | 

Let B, A, be the Sun's places 
obſerved; | 
n, u, thcſe of noon and midnight; 
re, Fd, Fm, FK, repreſent the ſines 
of the diſtances of thoſe places from 
tie horizon HR, to the diameter 
; and de rd—Fe. 

On mn deſcribe the ſemicircle 
non, repreſenting half the parallel 
of declination, and let Aa, Bb, be 

. WH itright angles to un: Then will 
70 tie angles mEb, mEa, repreſent the 
BY times from noon, at the obſerva- 
$2 tions P, A; and mn, MA, are as 

6 the verſed ſines of thoſe times. 

7 And mB—mA = AB. | | 
Then AB ; de :: n;: me; and me + Fe = Fm, the ſine of hm. | 
FR | | 8 2 Alſo 3 


60 ASTRONOMY. r 


Alſo AB: de:: mn: mk; and Km— Fm = FE, the ſine of an. | 
Hence the latiquee and declination are found. - (185) 


| mb + ma mb—ma \_ 
Here aB= 10 515 51 „ X27 — Jl X 25, N. 


3 3 3 (IV. 181) 
And de (d alt.—5 1ſt alt. = — X 26, — — aner. 


(Iv. 182) 
d. | \ | * ; 
Now 1,75 xXm = L, MK LI MT LS, NT LS, W + LIV, L, 2. 


de ä 
And * MB 2 L, me = L, mk + f mEb. 


In this example, the Lmeb=3h. 51 49 = 57 5740; its 22280 583 
 £.mEa=2h. 49 9=42 174. 


57* 5740 [46 | | 1 , u 50 74 o, 11408 
42 174 | 36 | be FI 7 50 | o, 865 53 0 
N —— | i | L $,W 41 0 9,8778 
is 100 142 [508 nie ©&f w. Lov 8 8, 94030 
— — — 4 L,2. 2] O, 30103 
+ 15 4% | 7.50 ne e = v. a 
3,360 Ff, 58778 I, Km 125783 10, 099062 
Me O, 29521 21 ub 282 582 9,37059 An 
Fm=0,88299==62% o' 19” Lame 029521 9,47012 
Km=l,25810 5 : 
! | | F KO, 37511222 I 3 420 & 55” the co-latitude. Here 
= | | — EY | 
| | $4 2 10 19 59 14 the decl, May 20th. 
? | | ” 1 ins | 
39 58 28 | | | | 2155 
Ls, 
— 198. The following is another ſolution, on different principles. 
In the triangles BPZ, Apz are given, (ſee the foregoing Agure.) Lia 
BZ, AZ; BPZ, AP7, hour angles; and PB=PAz; | | 
To find PB, PZ; for whoſe ſum and diff. put Mand x. 21's 
S,PBXSPZ XS "2BPZ ＋ 5 * z „BZ. \ 
Now (IV. 239) 1 „PAN N S‚APZ TS, PAXSPZES AZ, wh 
Or (u. 181.174) 1 Es Ns M X $BPZ + 25 NTM = SBZ. L,B 
255 N— "28 3M XS APES 253M +25 2MESSAZ. þ Ls 
, 0 | L 
| $BI—Ls N TZ, M SAm—L I'M, KO 
Therefore (Es, Nets ME) — 4 bas doth ho Le, 
erz S APZ 
And (25 NTT, M=) s — N— 7 2 M* DEZA „N — 4, 5S,M Li, 
Xs „Arz. 
Hence „BZN „APZ—1 9, + „M5 „APZ „Az x ri H 


IN era. X 
| | | Thereſore bit 


} 


1982 © QCOw yo 


ore 
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—— 


Therefore 9 BY rv N, BPZ=s Arz BP, X 75 J 2M. 


Again, Is 2 WY NZ 2 \APL—sS BZ * 755 7 Nm—Ls, M. 
* BPZ 
Therefore 29, N 2, M= 2 N AZ APZ XSBZ 
| SHADES BEE. 
S APZ=—S,BPZ 
K. AZ + „EPZ 8 SAL 232—5 APT, X 1 

4 \M=( _ — — —— 

1 ＋ „BPZ X 8, AZ —I | + SSAPZ Xs, PZ , 

„APZ—5 „BPZ 
8 (* ,BPZ R$ — — * „BZ +5: 2BZ _ 
| —ůͤ — — ® 

1—5 „, BPZ XS 5A 2—1—5 APPZ X SBZ,. 

3 8 8 EY 
„BPZ N 2 de APZXS, 252 =} 


HenceIV.216, 


* 7 


Or, m=( 


2s OIBPZ XS, 42—29 55 APZ X 5 DL 
„ APZL—S, BPZ 


5 V, BPZ NF, AZ —, ABZ X 5,52 
And & S ( „ APZZ—55 BPZ =) 
_— ZBPZ HAT 5 BZ 
| $, APZ=—S,BPZ == 


Here Bz == 575 57475 its 12285 one” 3 APZ=42 172, its 1221 89, 


Pr=54*; AZ=44*; 3 5,BPZ=0,53000 ; "APZE 0,7 3978, their 
difference „20918. 


KA | / o, 30103 4 0,3010 
„ 98384 275 1 93705 
„ 44 9.856930 1, . 9.85693 

— — — 
Li 1,10104 10, 04180 L, a 0,33704 — 
| ; 0 gs/ 0,30103 . As a 
= 21*: $5 3 219 85 A 
i, 84 9,70922| „, 54 9.76922 
L,B 1,02260 | 10,00971| 1,6 o,15298 9,18463_ 

z 007844 5 8, 89454 , o, 18466 9.26637 
„ Arz—5, BPZ o, 20918 9, 32052 LS,APZ—5,BPZ o, 20918 9.32052 
% 113% 11% (ö panes 289 of f 9,94585 


Hence the latitude is 48* © 00' N.; declination 10 59', which anſwers 


ode 20th of May. | 
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publiſhed in the year 17 50, and then uſed by ſome for finding the true 


fame day at unequal known intervals of time; thence to find thoſe times, tht 
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10909. And hence is readily derived the inveſtigation of that method, 


latitude at ſea, by knowing the latitude by account (or dead reckoning 
the Sun's declination, two altitudes of the Sun, and the time between the 
obſervations. Thus. See the laſt figure. . | 
Let M and N repreient the half ſum and half diff. of the times from 
noon; W and v, the half ſum and half diff. of the two altitudes. | 
AB the diff. of the co-lines of the times from noon, to the radius Ex. 
Ab the diff. of the fines of the altitudes. . 
Z. BAD repreſents the latitude; Em the co-ſ. of the declination. 


Now (197) „* 25% N = AB reduced to the rad. 2 C; and 5, wN 25 
YSAp. But in the triangle a. | 
ES 
. | - | | 
S, lat.: R: : AD: ABZ—— X AD, to rad. EW. 
5 7 lat. - 

EF © I | | 

And , decl.: R: : AB: AB x X —— X ADZAB reduced 


: | s,dec}. $,decl. Silat. 
to the radius & Qg. EE 


I I Fu 
= X'a— XS,W X23, V. 
$3000]. lat. 


* \ | 
Ss, decl. 5 lat. „N 


Then 5s, MX 25, N= 
And g, M 


Then M N= Z2.mE6, the time from noon at the leaſt altitude. 
And M—N= 4 mea, the time from noon at the greateſt altitude. 
Hence the verſed fines of the arcs mb or ma, are known to rad, 2 
Now R: Em : : v, ma: mA E Xv, ma; or m Em x umb. 
And R: „mAd: : mA: nd (:: nB: me.) 
Then Fm=rd+am, or to Fe I em, is the fine of the mer, alt. 
Hence the two operations. „„ 
iſt. L's, de cl. + L's, lat. + LS„N LS, WIS, v LS, M. 
Hence the times are known; viz. arcs ma, mb, 
2d. Ls, decl. + LF, lat. + L, + 2Ls,&ma=Lymd.. | 
Then by the merid. alt. and declination the latitude may be found, 
If this Jatitude and that aſſumed are the ſame, then the latitude by ac- 
count, or dead reckoning, may be taken as the true latitude. 
But if they differ, it is plain that the mad, the co-latitude, is leſs or 
greater than was aſſumed. a | 


200. PROBLEM HV. 

Given three deſcending (or aſcending) altitudes of the Sun, taken on the 
latitude of the place of obſervation, and the Sun's declination, Thus, ſup- 
foſe in Tuly, 1763, the altitudes were 54* 30/, 465, and 36; and the in- 
tervals of time OOm. 558. and 62m. 405. Required the reſt. 
| Let 


AC; then if the Z gee, which is 


And Ac 


Book Vo ASTRONOMY. 
Let m a u be the parallel of de- 3 
clination deſcribed on m n, and a, | 


| PERS, A 
55 c the places of the Sun when ob- q 2 2 a _ & 
ſerved; a A, 5 B, and c c the fines AINAT SER 
of the times from noon to the ra- B OS 
dius E m; m, n, the places at noon F | 

and midnight; and let F F, e , d Fr, | A. 
mr, F K, repreſent the fines of the 


diſtances of thoſe places from the 
horizon HR. Draw c g parallel to 


equal to the C mEc, the time from 
noon when the greateſt altitude was 
taken, could be found, the times 
from noon. when the other two were 
taken would be known alſo. Now | 

cb being one interval, and 5 a the other, h c and þ a, the chords of theſe 
arcs, will be known, as alſo c a, which is the chord of their ſum. Draw 
bo perpendicular to a c. Now in the right angled A c b o, the C c o=E 
the arc b a (II. 120), and the fide c þ = twice the fine of Z the arc h c, 
conſequently R: 5, 5ů c ( arc ba)::bc(=25, Farcbc):boz and 
R: 5, c % (5, r are h a) :: 6 % (2% f arc ic): co, Now d / d e, the 


diff. of the ſines of the altitudes, are known; and the lines F d, Ac, à c, 


are cut proportionally in e, B and er; conſequently, d f: de: : (A: cB: :) 


ca: cr, and c o—r=r0: In the triangle bo r, (III. 46) 10 :: 


R: % Cr Cr cg. Now Lac E (=compt. of 5 whole interval a c) 

—/{rcCg=L. gcE=Z2c EMS time from noon when greateſt altitude was 

obſerved ; therefore the time is known, as well as cm the verſed ſine of that 

time from noon. | 0 

Ain n %%% 8 

And Ac: me.: : fd: am. Then yd am rn, the ſine of Hm. 
: nn Fd: mk. Then Km—Fm=Fx, the ſine of Rn, 


1 


— 


This Problem has, at times, for near a century paſt, exerciſed the ta- 
lents of many ingenious perſons, as well in Ruſſia, Germany, Holland, 
and France, as in England; perhaps, on account of its apparent uſe at 
ſea: And among the different ſolutions there ſeems none ſhorter or more 
intelligible, particularly to beginners, than that above ; however, for the 
ſake of the more inquilitive, another ſolution, which has been commonly 
given, is here ſubjoined. | ; 


201. In the laſt figure, the three triangles cPz, BPZ, Apz, are thoſe 


concerned; in which the ſame two ſides are common in each. 


0 * 5, PC XS, PZ +5S,PC XF, PZ =S Z 
BEE X SC XS,PZF+S,PCXS,PEDSZ2B (by IV. 239. 
SyAPEZ Xx SPZ XS, CTS, PC XS, PZ ÆS,Z A 


Then $CPL—SBPZ X PC X „ PZ (2-5 2B= d. (II. 48.) 
And H, PZ, Ap:z x S, PC & „PE = (5, 0 „z A=) Do. | 
Hence D* 55 PZ —5, BPZ =d X $,CPZ—S,APZ, | | (II. 147 


Then D x$\CPz—d XS,CPLE=D XSBPZL=d x SAZ. 


84 Og 


Js 


But, BÞyz=cPz + bc, and APE + APC. 
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Or, nas ra- AN erz (SKN erz) =D r a, 


rz, CPZ, X 95 BPC—5 CPZ X S,BPC. * 
= a 4 3 


Hence p NS. DN, PZ X S,BPC—D N, PZ X 5, BPC=— | 
CPZL= 9 e eres 


CP "i Woes 


RETIRE REIN 
p- p X , rc d—d XS)APC 1A = XD HI—S,APC ” | 
Ax, Ap C DXSBPC. 4x „APC DX, Bo 
v, BC x DH v. APC Nd S$,CPZ 95 ä : | 
= | — = t, cz, the meaſure of the ti 
"AAPCXd AN SBPCXD $,CPZ vs on | the time 
from noon, when the greateſt altitude was obſerved, 
Here Fd=5,54* 300 2, 81412 


Fe =, 40 00 S0,73934 {Then df =0,22633 de=0,09478. 
rf=5,30 co =0,58779 
The arc c b, or L cB, I h. o m. 55 f. 15 137; its 3= 7 367, 


— 


— 


arc ab, or C. BA, I h. 2 m. 40 f. 15 40 ; its 1 7 50. 
arc c a, or PA, 2 h. 3 m. 35 f. 30 5343 its 22815 267. 


To find the hour by the firſt method. | To find the hour by the 24 methed | 
Radius go® oof 10,00000] D (=/a) 222633 9.35474 
Is to s, 3 a 7 50 9, 13447, LBP | 15 134 9.41943 
As 5, Ibc 7 363 9.122240 D K, BP | 905945 _877417 
To z s » 382567114 (A 209478 8,9775 
Radius 90? “ ic, o, Ape 30 532 9.71052 
Js to 2 3 be 7 30% 9, 12224 % K, ro „Oο 8588724 
A = 41 ba ł1ꝝ 7 59 9299523 p (A) 222633 9,35474 
To 2 C | 513127 9l1817|a,/ vec 15 134 8.54652 
As f 22633 A. C. o, 645 20 DN. BFH , 779c025 
Is to de 09478 8,97072|7 Se) 209478 897672 
So is 5 ac („icRA) 15926 9,4247 v, Ape 300 534“ 9.18498 
To æ cr 111154 9.84745 d X , ap 8 01345 12070 
2 co 213127 | DXV,BPC 200795 
As Z ro 1 1, 70480 fx, rc -D , e oro 17,4036 
rr e 
So is rad. 90 00 lo. ooo tang, 27 12 9.70774 
To Y, Er 5 00 47 323 228181 Hence the h. fr. n. of 1ſt ob. i is 15 48 70 
La c E 74 333 hm Of the ſecond obſervation 2 49 2 
Lg EZLMEGS27 I= 1 48 4 Of the third obſervation 3 51 42 
Tine of 2d obſervation — . 2 48 59 Conſequently. from any two of theſe, 
Time of 3d obſer vation 3 51 39] with their correſponding altitudes, 
| the latitude and declination may be 
found by Problem 53. 


Here the altitudes are ſuppoſed to be deſcending ones, or in the aſter · 
noon. | ” | 25 | | 


220, If 


eK 


Then t, rb o= 


202. If the altitudes were taken at equal intervals of time; the two 
firſt proportions are uſeleſs : for a band bc being equal, the point a falls 
in the middle of the'chordc a; and 50, the verſed ſine, is known. 


Thendf: de:: (CA: c:) 4: cr; and.comrr=ro, 


Andbo:ro:: Rad.: r b o, Sac g; and acE—a c g gcRAcEn. | 
Hence the times from noon are known; and allo nc, the verſed fine of 
Again, in A 4 g. R: Se :: ac: g AC. 
And Ac: c:: Fd: dm. Then rd dm m. 
Aſo Ac: mn: fd: mk. Then Km Fm TE. 


Alſo, arc c6=1 h. I m. 473fſ.==15® 267”; co=0,26636; be=0,03613. 8 
Then : de:: ca: cr, 22309: and co— cr, 4327. 
And bo : ro :: Rad.: t,rbo==50® 83'—; then 743 33 —50* 82/=24* 247. 

| * 


Then 24 36. 1 37 39 from noon at firſt alt. 


And 2 244 ＋ 159 267==39® 5153==2 39 264 from noon at ad alt. 


Alſo 39 513 +15 264=55 183=3 41 14 from noon at zd alt. 

Here the altitudes are ſuppoſed to be aſcending ones, or in the forenoon. 
Again, rad. : $,cag :: ac: Acro, 34142. 

And ac: mC :: fd: dm=0,0;5927; then mr==0,87 338==s, 600 5 17. 

Allo Ac: mn W e 0 is then FK==0,45243==5, 26 54". 

Hence the latititude is 469 74 N. and the declin, 16 584; or on May 7th. 


203. But the operation in this caſe may be much contracted. Thus 
ſince (df : d e 33 c a 4 er Xca, thence r =( = 0 '=) 


af 3 af — 


af = 


5 po Dees pe 
And (bo: 10: : R:) t,rbo= —.— — \ XZ C o 


boa 47 255, 1 c ff Ne 


where D=d f—2 de. 


But R x v;ch=55,2ch=25,ch x, Eb, . (IV. 193, 195) 
TART - 75 or Lt,r bo=L't,icb+L\df+1,D. 

© 2.6 a * 2 * \ * 

Alſo (R: Sa cg:: ac:) ws oe N 4s 
ae. . =) | = 
And (ae: mn Vat 1 (A  $,@cgxX2,ch 4 $a gx3ged* 
Ad (ac 2 nc: ?: (Dn EEE =) 


Ac Hacg xz οο } Sacgxach 
RFEMEC p 
Hence 1'S,acg+L5, 6b+L,fd + =I, R. 
And LO „cg TLS TLF d +2Ls, Ec En. 


lere df=0,226333 2d, 1895 5; and D=(df=2de=) 0,03078, 
Allo 3 cb. 43/ 26” 3 and ach². 335+. F 


OT OY — r — ¶ ͤX , ,‚7«ð⁰— 2 ], 
420 * _ * 
* wn » _ * 1 nes 
2.44 ths —— — . 6E — 
7 


— 


heaven. | 
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17 743, 26” | „86764 U g = 5 


500 og 


| OR | O, Ic 
5, 4% , 22633 . 0, 645 26 15, = 15. 267 B57 
L,D , o3678 | 8,5656561 LF, == 22633 9053547 
1, t rb oO O 10,7 85 1 L, ak, = 1,360 10,1225 
acs 274 33 555 42, zunge = 12% 127g 8564998 
5 ag 
EE 24 245; half is 12 1276. [Loy d& = 0,05923 , 87725; | 


PROBLEM LV. HY 
204. Given the obliquity of the ecliptic, the latitude of a place, and 


the apparent time at that place, To find the longitude of the nonageſi. 
mal degree. | | | | 


ConsTRUCTION. 


The given time applied to the Sun's right 
aſcenſion, gives the right aſcenſion of the mid- 


Then let the primitive circle repreſent the fol- 
ſtitial colure, where p, p, repreſent the poles of 
the equator V B, and ecliptic Y c, the center x 
being their interſection. In the equator apply the 
right aſcenſion of the mid- heaven from Y to B, 


and the circle pzB, being deſcribed, is that meri- 


dian, the interſection of which by a parallel of latitude deſcribed about 

p, gives 2, the place of the zenith; through Zz deſcribe a circle of lon- 
itude pzc, and the point c is the nonageſimal degree, and YC its 

E. | 5 


 ComPUTATION. 


In the triangle pz. Given Þ þ the obliquity of the ecliptic. 
PZ the co-latitude. | 
1 Zz P y the right af. of the mid- heaven. 
Required 2 p — IV. 237, 238, 
Cr 2 2 5 and 144. 


DETERMINAT ION. 


When the right aſcenſion of the mid- heaven falls in the firſt quadrant, 
its quantity in degrees, increaſed by go, gives the angle 2 P p, and the 
N angle P p Z is the complement of the longitude of the nonageſimal 

egree. eh | . | 

When in the ſecond quadrant, the faid right aſcenſion in degrees taken 
from 270, leaves the angle z yp; and the acute angle p p 2, increaſed by 
90 degrees, is the longitude of the nonageſimal degree. oe 

When the ſaid right aſcenſion falls in the third quadrant, its degrees, 
taken from 270, leaves the angle z Þ Pz and the angle P p 2, increaſed 
by 90 degrees, is the longitude ſought. my 

b | | | 8 Then 


„ „ in = Bo 


ze v. ASTRONOMY > 


When in the fourth quadrant the ſaid right aſcenſion in degrees, leſ- 
ſened by 270, leaves the angle x Pp; and the ſupplement of the angle, 
p 2, ſo long as it continues to be obtuſe, being added to three right 
angles, or 270 degrees, gives the longitude of the nonageſimal degree ; but 
after it becomes acute, its complement is the longitude required. 

Note. In theſe determinations the latitude of the place 1s ſuppoſed to be 
north, and leſs than the diſtance of the tropic from the neareſt pole. 


EXAMPLE. At Greenwich, in latitude 5 1 28% N. the obliquity of the 


ecliptic being 23* 28' : What is the longitude of the nonageſimal degree on the 


14th of May 1780, at 1 b. 24 m. 245. P. MA. at 3h. 40 mn. 25. P. M. at 


13 b. 22 m. 205. . A. and at 15 %. 38 m. 4s. P. MA.? 


The ſeveral right aſcenſions of the the mid-heaven are thus found: 


| 3 
= | h ms|hm s|hm sh ms 
1780. May 14th, at | I 24 24 3 40 2113 22 2615 38 4 
The Sun's right aſcan. | 3 27 363 27 58| 3 29 34 3 29 56 
Right aſc. mid. hea. in time 4 52 7 8 916 52 oltg 8 = 
Right aſc, mid. hea, in degrees 73% O 109® od 3g 3* O0 287% O0 
| go o 270 00| 270 oo 270 00 
; 0 ——— ——— - ? 
The angle z P p, or x 163. 00 163 00| 17 o0 17 00 


The two following operations are wrought by IV. 237. and 238. 


PZ 38 317 

P p 23 28 | 

cum G1 59%, balf is 30 59 Ar. co. 5. o, 28823 Ar. co. J. 0.06691 
Þ*F, 18 33, half is 7 315 5. 9,11729 999624 
C2 P» 163 oo, half is 81 30 19.1249 7+ 9.17450 
Hase dit, Cs z and p 1 103 4. 8:5$002-.- 

12 7 id 41 9 407 — — — | 4 9,23765 
The ongle p — 111 $9 

| 90 oO 

Tirediforence | * 78 ois the long. nonag. in 1ſt. quad, 

Tac ium 101 59 is the long. nonag, in zd. quad. | 
Sam 61* 59, half 30 59% Ar. co. 5. o, 28823 Ar. co. 5. o, 6691 
Biff. 345 half 7 3 5. 9.11729 : 5 9, 99624 
FP . ... . 10,825 50 . 10, 825 50 
Halt ig. 4's & and 9 34 T. 10, 23102 | 
Half tam | if 228 — — 88 r. 10, 88863 
The angle at 5 142 12, its ſupplement 1s 370 480 

| | go oo 270 0 


Long nonag. in zd qd. 232 12 Long. nonag. in 4th. qd. 307 48 | 
* * The altitude of the nonageſimal being equal to 2 p, the diſtance 


of the zenith from the pole of the ecliptic, it is found by the ſines of op- 
poſite ſides and angles in the ſpheric triangle 2 Pp; that is, ſin. long, 


SECTION 


nonag.; co · ſ. lat.:: fin, 42 PP: ſin. alt. nonageſimal. 


— 
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SECTION VII. 


/ 


Of Practical Aftronomy. 


205. DESCRIPTION and UsE of ASTRONOMICAL INSTRUMENTS. 


By PRACTICAL ASTRONOMY is meant the 8 of obſerving 
and 


the celeſtial bodies with reſpect to their poſition, time of the year; and 
of deducing from thoſe obſervations, certain concluſions uſeful in calcu. 
| lating the time, when any propoſed poſition of thoſe bodies ſhall happen. 
For this purpoſe the Aſtronomer, or Obſerver, ſhould have an obſer. 
vatory properly furniſhed. „ 
An OBSERVATORY is a room or place, conveniently ſituated, con- 
trived, and furniſhed with proper aſtronomical inſtruments for obſerving 
the motions of the heavenly bodies: it ſhould have an uninterrupted view, 
from the zenith, down to (or even below) the horizon, at leaſt towards 
its cardinal points ; and for this purpoſe that part of the roof which lies in 
the direction of the meridian, in particular, ſhould have moveable covers, 


which may be. eaſily removed and put on again: by which means an in- 


ſtrument may be directed to any point of the heavens between the horizon 
and zenith, as well to the northward as ſouthward. © - 
The furniture ſhould conſiſt of ſome, if not all, of the following in- 
ſtruments. „ . | | 
iſt, A PENDULUM CLOCK for ſhewing equal time. 5 
2d. An Achromatic REFRACTING T'eLESCOPE, or a REFLECTING 


Owe, of two feet at leaſt in length, for obſerving particular phæno- 


mena. 8 | 
3d. A MicRoMETER for meaſuring ſmall angular diſtances. 


4th. An ASTRONOMICAL QUADRANT for obſerving meridian alti- 


tudes of the celeſtial bodies. 8 
Sth. A TRANSIT INSTRUMENT for obſerving objects as they paſs over 
the meridian. 33 
6th. An EQUATORIAL SECTOR to obſerve angular diſtances of ſe - 
vera] degrees, and the differences of right aſcenſion and declination. 
 #th. An EquAL ALTITUDE INSTRUMENT for finding when an ob- 
ject has the ſame altitude on both ſides of the meridian. MIL 
It is not intended to give in this work any other than a general ac- 
count of theſe inſtruments, moſt of which have met with conſiderable im- 
rovements (if they were not contrived) by the late Mr. George Graham, 
R. S. one of the moſt eminent Artiſts in mechanical contrivances that 


this, or any other nation has produced ; thoſe readers who are curious to 


ſee a minute deſcription of ſuch, and other, inſtruments, together with 
their uſe fully exemplified, may conſult the ſecond volume of Dr. Smith's 


complete Treatiſe of Optics, Stone's Treatiſe of Mathematical Inſtru- 


ments, the Philoſophical Tranſactions, and the works of many writers 
who have treated on ſuch ſubjectss. | 


206. Of | 
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206. "Of the Pendulum Clock. = 


A clock which ſhews time in hours, minutes, and ſeconds, ſhould be 


| choſen 3 with which the obſerver, by hearing the beats of the pendulum, 


may count them by his ear, while his eye is employed on the motion of 
the celeſtial object he is obſerving. ee? 8 

Juſt before the object arrives at the poſition deſired, the Obſerver ſhould 
look on the clock and remark the time; ſuppoſe it q 15 255; then ſay- 
ing 25, 20, 27, 28, Sc. reſponſive to the beats of the pendulum; till he 
ſes through the inſtrument the object arrived at the poſition expected, 
which ſuppoſe- to happen when he ſays 38; he then writes down 9g 
15» 38* for the time of obſervation, annexing the year and day of the 
month. | | > 

If two perſons are concerned in making the obſervation, one may read 
the time audibly, while the other obſerves through the inſtrument, the Ob- 
ſerver repeating the laſt ſecond read, when the deſired poſition happens. 


=o. 28 = Of the Teleſcope. 


The REFRAcTING TELESCOPE is an inftrument with which almoſt 
every perſon is acquainted, eſpecially. the marine gentlemen ; it will 
therefore be ſufficient to remark here, that an a/tronomical teleſcope has, 


only two convex glaſſes; vi. the eye-glaſs, or that which is uſed next to 


the eye; and one at the other end, uſually called the object-glaſs, which 
has much the longer focal diſtance : ſuch an inſtrument, although it in- 
verts all objects, is yet as uſeful for viewing thoſe in the heavens, as if it 
ſhewed them erect ; the Obſerver knowing that the motions are in an op- 
polite direction to thoſe he ſees through this teleſcope : But the Achro- 
matic Refracting Teleſcope, which has been lately invented by Mr. 
Dollond, has its object-glaſs compounded of three glaſſes, and combined 
with two eye-glaſſes placed near each other. This inſtrument, which ſhews 
N in their true poſition, need not exceed three feet and a half in 
noth. 2 8 | 8 DER ek < | | 
The -REFLECTING TELESCOPE, as is generally well known, ſhews 
objects in their true poſitions; and as it is much ſhorter than the old re- 


« fraQter, it is therefore in much greater eſteem by ſome. 


A teleſcope, uſed-in aſtronomical obſervations, ſhould have a metal 


frame fixed in the focus of its object-glaſs, carrying fine. filver wires 


ſtretched at right angles to'one another ; one of them is to be vertical, 
and the other horizontal; the interſection of thoſe wires ought to be ex- 
ally in the middle of the focus of the object- glaſs; a line paſſing through 
this interſection and the center of the objeCt-glaſs, is called the line of 
light, or line of collimativn. 5 


%%. Of the Micrometer. I 


A M1icRoOMETER is an inſtrument uſed to meaſure ſmall anger di- 
ſtances by being placed in the focus of a teleſcope. This is effected by 
turning a ſcrew, which moves a fine wire in a poſition parallel to itfelf, and 
alſo parallel to a fixed wire; both being in a plane at right angles to the 
line of collimation : the diſtance of theſe parallel wires is meaſured by the 
number of turns the ſcrew has taken to cauſe their receſs ; which number 
of turns is ſhewa on a graduated circular plate (like that of a ane 
| | index, 


_—_ — — — 


r = _ - 
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index, or hand, which revolves by the turning of the ſcrew: now the di. 
viſions on the plate, anſwering to a known angle or arc intercepted he. 
tween the paralle] wires, being known by experiment, any other diſtance 
to which the wires can recede, may be known by proportion; and ſo 2 
table of angles anſwering to every diviſion on the circular plate may be 
formed, by which the obſerved angles will be readily known. 


Thus in obſerving the diameter of a planet; when the wires are re. 


moved fo far aſunder, as to become parallel tangents at the ſame time to 


oppoſite points of the planet, the meaſure of the receſs of the wires will 

ſhew the diameter of the. planet in minutes and ſeconds 
There is another micrometer publiſhed by the late very ingenious Mr. 

Dollond &, an account of which was given to the Royal Society by Mr, 


James Short, F. R. S. and publiſhed in the Philoſophical Tranſactions for 


the year 175, which is thus: „ 

Let a good circular object- glaſs be neatly cut into two ſemicircles ; and 
each ſemicircle fitted in a metal frame, ſo that their diameters ſliding on 
one another (by the means of a ſcrew) may have their centers ſo brought 


together as to appear like one glaſs, and ſo form one image; or by their 


centers receding may form two images of the ſame object: it being a pro- 
perty of ſuch glaſſes, for any ſegment to exhibit a perfect image of an 
object, although not ſo bright as the whole — would give it. 

Now proper ſcales being fitted to this inſtrument, to ſhew how far the 
centers recede, relative to the focal length of the glaſs, will alſo ſhew 


| how far the two parts of the ſame object are aſunder relative to its diſtance 


from the object-glaſs; and conſequently give the angle under which the 
diſtance of the parts of that object are ſeen. ; RO Fe: on 


nog. Of the Aſtronomical Quadrant. 


An ASTRONOMICAL QUADRANT 1s an inſtrument in the form of a 


quarter of a circle, contained under two radii at right angles to one an- 


other, and an arch equal to one fourth part of the circumference of the 
circle, and conſiſts of the following parts: | . 

iſt. Its frame, This is uſually coœnpoſed of iron or braſs bars, ſet at 
right angles to one another in as ſtrong and neat a manner as a workman 
can contrive, to preſerve the face of the inſtrument in the ſame plane, and 
be as little affected by heat and cold as is poſſible. . 

2d. Its center. This center, which is a very fine point, ſhould be con- 
tained in a ſeparate piece of work ſcrewed to the bars; and ſo contrived, 
that if the index, or teleſcope, by frequent motion in a length of time, 
ſhould become irregular in its rotation, by the parts wearing, a new col- 
lar and ſocket may be fitted to the firſt center, and the inſtrument reſtored 
to its original accuracy. . | | 


— — ** I 
— * W 


* — 


* The firſt notion of ſuch a micrometer was given by Roemer, a Dane, in 
the year 1675 ; Mr. Savery, an Engliſliman, alſo thought of ſuch a con- 
trivance, which he communicated to the Royal Society in the year 1743; Mr. 
Bouguer, 2 Frenchman, alſo propoſed it in the year 1748; and Mr. Dollond, 
an Engliſhman, publiſhed it in the year 1753: but the public are obliged to 
Mr. Short for putting the theory into execution, otherwiſe it might ſtill have 
continued only as an ingenious thought, | 


3d. Its 
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3. Its limb. This is a braſs arch of about two inches broad, well 
Fed to the ſaid frame-work, and generally continued a little farther at 
each end than the extent of 90 degrees; the two perpendicular radii may 


a be alſo covered with plates of braſs ſcrewed to them; and the whole face 

e of the inſtrument is to be worked ſmooth, and brought intd the ſame plane 
with the greateſt care. 7 L 6 . 

s Ach. 1ts diviſions. The arcs of 60, 30, and go degrees, and alfo the 
intermediate degrees, together with ſuch ſubdiviſions as the ſize of the de- 

1 rees will conveniently contain, are laid down by the accurate methods 
well known to good workmen, 3 28 

. 5th. Its index or . e This, which is uſually a braſs tube con- 

5 tining the proper glaſſes and croſs wires, is fixed near the object end to 

r z braſs plate, a little above a circular hole, or ſocket, in the plate: this 


focket goes round a collar concentric to the center, and fixed to the cen» 
ter-piece : fo that, although the axis. of the teleſcope does not, as a ra- 
dus, paſs through the center, yet it always keeps at the ſame diſtance” 
from it in every poſition : to the eye-end of the tube is ſcrewed a flat 

plate, which ſlides along the limb with the teleſcope ; this plate, called 
the VERNIER, Contains certain diviſions, which, uſed with thoſe on the __ 
limb, give the angle to minutes or ſeconds of a degree, according to the 1 
ſae of the inſtrument: the beginning of the diviſions called the index, g | 

2 on the Vernier, is as far diſtant from the axis, or line of collimation, as the 

V center is; and therefore the poſition of an object is given as truly, as if 
. | 
p 


the line of collimation coincided with a radius. 

bth. Its pedeſtal, This part, which ſhould, by its conſtruction, be 
very ſteady, may be either moveable or fixed: the moveable pedeſtal is 
commonly a ſtrong pillar ſtanding on a tripod, or three-footed ſtand; 
with holes through each foot, either to ſcrew them to a floor, or to pin 
them to the ground: the fixed pedeſtal may be either a ſtrong timber 


i frame, or the-wall of the obſervatory, or a ſtone ſhaft built from the 
5 ground through the middle of the floor of the obſervatory. On the top 
: the pillar, of either ſort of pedeſtal, may be fixed a piece of machinery 


called the arm, which is attached by ſcrews to the middle of the plane of 
the quadrant, on the under ſide. The arm is contrived to give to the 
inſtrument, either an horizontal, vertical, or oblique motion; which mo- 


tions ſhould be ſteady, and free from jerks, or ſhakes : but when a wall, 
or ſtone ſhafr, is uſed as the ſupporter, the -quadrant is then fixed to the 
q wall, or ſhaft (without its arm attached) and is called a MuRar Arcu ; 


7 its plane is adjuſted to that of the meridian, and this is the beſt method 
5 : fixing the quadrant for taking the meridian altitude of the ſtats, or 
0 planets. | ; | 
7th. Its plummet. This is a ſufficient ball, or weight, hanging to one 
end of a very fine ſilver wire, the upper end being fixed in the radius con- 
; tinued above the center. Now when the face of the quadrant is ſet in the 
R plane of an azimuth circle, one of its radii is brought into a vertical poſi- 
tion by the help of the plummet, the wire being made to biſect the center- 
point and the diviſion of go on the arch; and to diſtinguiſh theſe biſec- 
tions with accuracy, they are to be examined with a ſmall proſpect, or 
magnifying-glaſs: the ball ſhould'hang freely in a veſſel of water to check 
its vibrations. : e | 


2. Www „ * 
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> -.. OR Of the tranſit Infirument. : 
This inſtrument conſiſts of a teleſcope fixed at right angles to an ho. 
rizontal axis, which axis muſt be ſo ſupported, that the line of collima. 
tion of the teleſcope may move in the plane of the meridian, - 

The axis, to the midd 


* 


le of which the teleſcope is fixed, ſhould pra. 


dually taper towards its ends, and terminate in cylinders well turned and 


ſmoothed : and a proper balance is to be put on the tube, ſo that it may 
ſtand at any elevation when its axis reſts on the ſupporters. of 
Two upright poſts of-wood or ſtone, firmly fixed at a proper. diſtance, 
are to ſuſtain the ſupporters of this inſtrument :. theſe ſupporters are two 
thick braſs plates, having well ſmoothed angular notches, in their upper 
ends to receive the cylindrical arms, of the axis: each of the notched 
plates are contrived to be moveable by a ſcrew, which ſlides them upon 
the ſurfaces of two other plates immoveably fixed to the two upright 
poits ; one plate moving in a vertical, and the other in an horizontal, di. 
rection, to adjuſt the teleſcope to the planes of the horizon and meridian: 
to the plane of the horizon, by a ſpirit level hung in a parallel poſition to 
the axis, and to the plane of the meridian in the following manner : 
Obſerve the times by the clock when a circumpolar ſtar, ſeen through 
this inſtrument, tranſits both above and below the pole: and if the times 
of deſcribing the eaſtern and weſtern parts of its circuit are. equal, the te. 
leſcope is then in the plane of the. meridian; otherwiſe, the notched 
plates muſt be gently moved till the time of the ſtar's revolution is bi- 
ſeed by both the upper and lower tranſits, taking care at the ſame time 
that the axis remains perfectly horizontal. 
Wen the teleſcope is thus adjuſted, a mark muſt be ſet at a conſi- 
derable diſtance (the greater the better) in the horizontal direction of the 
interſection of the croſs-wires, and in a place where it can be illuminated 
in the night-time by a lanthorn hanging near it; which mark being ona 
fixed object, will ſerve at all times afterwards to examine the poſition of 


the teleſcope by, the axis of the inſtrument being firſt adjuſted by means 


of the level. 


211. To adjuſt the Clock by the Sun's Tranſit over the Meridian, 


Note the times by the clock, when the preceding and following edges 
of the ſun's limb touch the croſs wires : the difference between the mid- 
dle time and 12 hours, ſhews how much the mean, or time by the clock, 
is faſter or lower than the apparent, or ſolar time for that day; to which 
the equation of time being applied, will ſhew the time of mean noon for 
that day, by which the clock may be adjuſted. Ee 


212. Of the Equatorial Seftor. 


This is an inſtrument contrived for finding the difference in right aſ- 
cenſion and declination between two objects, the diſtance of which is tos 


great | 


10 


08 


eat 


eat to be obſerved by means of a micrometer. It conſiſts of the fol- 
lowing particulars: . FED | = 
' I, A braſs plate called a ſector, formed like a T, having the ſhank 
{as a radius) of about 2+ feet long, and 2 inches broad, and the croſs 
piece (as an arch) of about 6 inches long, and 1+ inch broad; upon 
which, with a radius of 30 inches, is deſcribed an arch of 10 degrees, 
each being ſubdivided into as ſmall parts as are convenient. 

2d. Round a ſmail cylinder, containing the center of this arch, and 


{xed.in the ſhank, moves a plate of braſs, to which is fixed a teleſcope, 


having its line of collimation parallel to the plane of the ſector, and 
paſſing through the center of the arch and the index of a Vernier's divid- 
ing plate, which ſlides on the arch, and is fixed to the eye end of the te- 


 lefcope. This plate, with the teleſcope and Vernier, are moved on the 


cylinder, by means of a long ſcrew which is at the back of the arch, and 
communicates with the Vernier through a flit cut in the brals work, pa- 
rallel to the divided ar enn | - 
zd. A circular braſs plate, of 5 inches diameter, round the center of 
which there moves a braſs croſs, which has the oppoſite ends of one bar 
turned up perpendicularly about 3 inches. Theſe ſerve as ſupporters to 
the ſetor, and are ſcrewed to the back of its radius, ſo that the plane of 
the ſector is parallel to the plane of the circular plate, and revolves round 
the center of that plate in this parallel poſition. | 
4th. A flat axis of 18 inches long is ſcrewed to the back of the circu- 
lar plate, along one of its diameters ; fo that the axis is parallel to the 
plane of the ſector : the whole. inſtrument is ſupported on a proper pe- 
deftal, in ſuch a manner that the ſaid axis is parallel to the axis of the 
earth; and proper contrivances are annexed for fixing it in that poſition, 
Now the inſtrument, thus ſupported, can revolve round its axis, pa- 
rallel to the earth's axis, with a motion like that of the ſtars ; the plane 
of the ſector being always parallel to the plane of ſome hour circle, and 
conſequently every point of the teleſcope deſcribes a parallel of declina- 
tion; and if the ſector be turned round the joint of the circular plate, its 
graduated arch may be brought parallel to an hour cirele; and conſe- 
quently any two ſtars, between which the difference of declination is not 


. greater than the number of degrees in that arch, may be obſerved by the 


inſtrument. | | 55 

213. To obſerve their paſſage, Direct the teleſcope to the preceding 
Rar, and fix the plane of the ſector a little to the weſtward of it; move 
the teleſcope by the ſcrew, and obſerve the time ſhewn by the clock at 
the tranſit of each ſtar over the croſs wires, and alſo the diviſion ſhewn 
by the index; then is the difference of the arches the difference of decli- 
N ; and that of the times ſhews the difference of right aſcenſion of 
tioſe ſtars. 3 | | 


214, Ohe Equal-Altituge Inſtrument. 

An EqQuar -ALTITUDE INSTRUMENT is that uſed to obſerve a ce- 
leſtial object, Wuc.. it has the ſame altitude on both the eaſt and weſt ſides 
of the meridian, or in the morning and afternoon ; and conſiſts of a tele- 
ſcope of about 30 inches long (with 2 vertical, and 3 or 5 horizontal, 
wires in its focus) ſupported on the end of an iron bar, or axis, of 30 
inches long, and about an inch in diameter. The axis is ſuſtained 

OL, I. We * N | | in 
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in a vertical poſition by paſſing through a hole in the upper end of a brag 
box, whilft its lower ed ſupports the lower point of the:axis. . The box, 
which is about 21 inches long, with ends about 4 inches ſquare, has on! 
two ſides, which are fixed at right angles to each other. To one of 
theſe ſides are fixed four flat arms, with a hole in each, by which the box 


is fixed in a vertical poſition to an upright poſt with ſcrews. On the 


lower end of the box lies a braſs plate, wich ſlides in grooves, and can 
be moved gently backwards or forwards by means of a ſcrew. In this 
plate a fine hole is punched to receive the ſmooth conical point, which 
the lower end of the axis is formed into. On the upper end of the box 
are two plates, which ſlide alſo in grooves; and, by the means of 
ſcrews, can be moved gently ſide ways, till their angular notches embrace 
the axis; which, in this part, is made perfectly cylindrical, and very 
ſmooth. 3 N V 

To the upper part of the axis is fixed, by its radius, a braſs ſextant 
(or arch of 60%, to a radius of ſeven or eight inches) with the arch 
downwards, ſo that the center is juſt above the top of the axis: alſo x 
ſpirit level is fixed at right angles acroſs the axis, juſt under the arch, ſo 
as to be clear of the upper end of the box. 2 | 8 

To the under part of the teleſcope is fixed a brafs ſemicircle, of the 
fame radius with the ſextant, both arches having a common center--pin. 
In the ſemicircle is a groove cut through the plate parallel to its limb, to 
receive two ſcrew- pins, which go into the ſextantal arch near its ends; 
by theſe ſcrew- pins the two arches may be preſſed cloſe, and the tele. 
ſcope fixed in any deſired elevation; which might be nearly aſcertained 
by graduating the ſemicircle, and putting a Vernier's ſcale on the 
ſextant. | | 
To uſe the Inſtrument. Fix the box to the poſt, put the axis into the 
- box, letting the conical point drop into the punched hole, ſcrew on the 
level, and annex the teleſcope, obſerving to inſert the center and arch 
pins ; then, by the help of the fcrew-plates at the bottom- and' top ends 
of the box, correct the vertical poſition of the axis, ſo that the ſame end 
of the air-bubble in the level may ſtand at the ſame point throughout the 
whole revolution of the axis, which will thereby be known to be then 
truely vertical, fo that the teleſcope will deſcribe a parallel of altitude: di- 
rect the tube to the ſun, or ſtar, and fix it at the deſired elevation by 
preſſing the two arches together with the two ſcrew pins. | | 
Some inſtruments have been contrived to 'anſwer both kinds of obſer- 

ation; v:2, either a tranſit, or equal altitudes, . e ; 


. adjuſt the Clock by equal altitudes of the Sun. 


Having rectified the inſtrument by the level, and being provided with 
a piece of tranſparently coloured or ſmoked glaſs to preſerve the eye; then 
at any convenient time from about 6 to 3 hours before noon, direct the 


teleſcope to the ſun, and fix it by the arch, ſo that the whole body of the 


ſun ſhall be above the upper wire (the aſcent of the Sun appearing through 

the teleſcope as a deſcent) : mark the times ſhewn by the clock, when 

the preceding edge of the Sun touches each of the wires; and alſo when 
IS * | | 
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the following edge touches thoſe wires, writing down. thoſe times; the 
jaſtrument being turned horizontally on its axis to follow the Sun, and 
keep his center in the middle of the teleſcope between the vertical wires. 
About the ſame time after noon (taking care to be early enough) turn 
the armen on its vertical axis, the teleſcope remaining fixed at the 
ame elevation as in the morning, and rectifying its horizontal ſituation 
by the leve}; obſerve the Sun in its deſcent, which through the teleſcopes 
zyparently aſcends, and write down the times when the preceding edge 


touches each wire, and alſo when they are touched by the following edge; 


keeping the Sun in the middle of the teleſcope ; and the ſets of obſerva- 
tions are made. VEE 5 . 5 15 
There are as many ſets of obſervations, as there are horizontal wires: 
for the fore and afternoon contacts 2 ſame edge of the Sun with the 
ame wire, make one ſet; and the ſame edge which precedes in the fore- 
noon, follows in the afternoon ; and that which follows in the forenoon, 
precedes in the afternoon 3 therefore the 8 | 


uſt 33 5 laſt, | | 

10 | N M. preceding, and the Nan but one, { P. M. following, 
30 Ce. | laſt but 2, &c; 

make a ſet. | 5 3 | 
WR. 7; Claſt, | TO | 
3 * M. following and ve but one, ö P. M. preceding, 
0 Cc. ) T laſt but 2, &c. 

make a ſet. 5 5 


Then to each ſet, or pair of obſervations, find the middle time, which 
alded to the time of the morning obſervation, gives the time ſhewn by 
the clock when the Sun was on the meridian, if the obſervations were 
made within two or three days of the ſolſtice, when the Sun's declination , 
would not ſenſibly alter between the fore and afternoon obſervations : but 
on other days, this time muſt be corrected, by applying an equation to it, 
ſhewing the alteration in time, ariſing from the alteration in declination 
between the fore and afternoon obſervations. 

The time, by the clock, of the ſolar or apparent noon being thus ob- 
tained, the time of the mean noon may be had by applying the proper 
equation of time. | | nth 155 
When the time of noon is ſought from two or more pairs of obſer= 
rations, if they give different times, it is beſt to take the medium be- 
— them, which is found by dividing the ſum of all the times by their 
number. | | 


ub. PROBLEM LV. 


Given the latitude, the declination of the Sun, and interval of time between 
the Sun's having equal altitudes before and after noon, to find the diſtance 
frm noon of the middle point of time between the obſervations, - 

©? 


Iſt, Find the change made in the Sun's declination during the in- 
terval between the obſervations ; which will nearly bear the ſame pro- 
portion to the change made between the noon of the day, on which 
| 2 the 


27 


24 hours. | 


2dly. Add the c 
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the obſervations are made, and the noon of the day immediately pre. 
ceding or following, as the interval of time between the obſervations te 


o- tangent of the latitude to the co- ſine ok half the in. 


terval of time reduced to degrees and minutes of the equator; the ſum 
rejecting the radius, is the tangent of an arc to be taken leſs than a qua. 
drant, when the interval of time is leſs than the twelve hours, and greatet 
than a quadrant, ſhould the interval of time exceed twelve hours. 
3dly. Add together the arithmetical complements of the fine of this 
arc, and of the ſine of the Sun's diſtance from the pole at noon, the lo. 
garithmic ſine of the difference of theſe arcs, the logarithmic co-tangent 
of half the interval of time in degrees, and the logarithm of half the 
change in the Sun's declination during the interval between the obſeryz. 
tions; the ſum, rejecting twice the radius, is the iogarithm of an are, 
which, divided by 15, gives the diſtance of the middle point between the 
obſervations from noon, in ſeconds of time. | 
4thly. When the Sun's diſtance from the elevated: pole increaſes, this 
middle point of time precedes noon, other wiſe it falls beyond. 


Let Þ be the pole of the equator bd, 2 the 
zenith, A the morning place, c the after- 
noon place, ABD a parallel of declination, 
ABC a parallel of altitude. | 
Then the afternoon hour angle, zec, 
differs from the morning hour angle, 2 PA, 
by the hour angle Bye, the points A and 
B havi 


ng the ſame declination and diſtance 
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from the zenith; and the arc 


o diſecting the CB, the (z Pe will be half the interval of time, which 
being increaſed or diminiſhed by half the 2 Bec, will give the poſition of 


the meridian to A or C 
at noon. | 


will be to the difference b 
nearly as f, Poz to s, po *. 


le z, an arc M being taken, that as rad. : 5,21 


- 


; alſo Po will be the Sun's diſtance from the pole 


Now here the difference between P;, Po, Þc, being but ſmall, the / zero 


Again, in the triang 


etween Po and PB, Or Pc, that is, half PE Gp, 


: : t Ez: t, M the arc M to be leſs than a quadrant, when the / Zo 
is acute, but greater, {hould the 2% be obtuſe; then | 


„ PO OM 


: SM :: F, Foz : 2 ro, and conſequently 


55 PO OM XZ Po =S, MX PoE. 


therefore C BP: — 
2 


PB ce. 


(V. 123) 


But LRT: —: „ Poz : „ Po: : 5, M T, Poz : 3, M & 5, Ps; 


— 


PBUOPC. 


— 8 — 


225% PO OM * F, Z Po : S,M X 5,P0, -conformably 
to the rule above laid down, | | 
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ln the latitude 50? N. on the 27th of October, 1780, the Sun was ob- 
ted to have equal altitudes at ꝙ h. 11m. 50 8. A. M. and at 2 h. 22 m. 
12s. P. M. by a clock adjuſted nearly to the true meaſure of time, to find 
nat correction may be wanted to ſet this clock to the true hour of the 
bay, the Sun's diſtance from the pole on the 27th day at noon being 103% 


is 737 and on the 28th 1037 267 387%. CCC 
Here the interval of time is 5 h. 10 m. 32 8. its half is 2 h. 35 m. 168. 
de degrees and minutes of the equator 38 49“ and the difference in de- 


aination in one day is 200 44 | 1 
Then 24 h.: 5 h. 10 m. 328. ::20 4” : 4' 2 260%, the alteration 
n declination, the half of which is 2' 10/0 = 130. | 
Then 5 ; 
Latitude 509 log. , 9,92381| 33 10 32“ Ls 0, 26188 
Lime= 39 49 log. , 9,89162| 103 06 34 Ls O,01147 
Y — 6g  o: log. 5, 9,97280 
33? 100 32“ log. 7, 9,81543] 38 49 o log. . 10,09447 
| 130” log, 2,11394 
Corr, =285" log. 2,45453 
| | or 19 ſec. of time, — 
Hence, for ſetting the clock to the true hour of the day, add the half 
nterval of time 2 h. 35 m. 168. to gh; II m. 508.; the ſum 11h. 47 m. 
bs, is the middle time between the obſervations, as noted by the clock. 
And 11h. 47 m. 65. +198.=1Ih. 47m. 25s. will be the time 
winted out by the clock, when the Sun paſſes the meridian, and ſhews 
the clock to be 12 m. 35 8. behind the Sun. | 
* Though the clock ſhould not keep time with perfect exactneſs, yet if 
he deviation is but ſmall, the correction computed will not differ much 
tom the truth; and. the elock being examined again within a few days, 
ole v mew whether it keeps time truly, or moves too faſt or too ſlow, and 


is late of going may be corrected accordingly. == Ih : 
BP0 | 80 | 
Po, WW. 213. The method here directed ſuppoſes the ſhip to be ſtationary : But 
he Abbe de la Caille propoſes à method of correcting a watch at ſea, even 
an while the ſhip is in motion, by taking two equal altitudes of the Sun with 
20 


a quadrant, one before and the other after noon. : | 

His method is this: With the common altitude obſerved, together 
wth the latitudes at the time of each obſervation, and the Sun's correct 
&clination to thoſe times, the times from noon are to be computed at both 
obſervations, which times being applied to the two times of obſervation, 
give the reſpective times of noon : then the mean of the two noons being 
nen, will give the time ſhewn by the watch when it was the true mid- 
ly, | | - 
Or: Half the difference of the computed noons being applied to either 
if them, will alſo give the true time of noon, | | 
And although the latitudes ufed in the cumputations be ſomething er- 
omneous, yet the altitudes being equal, the error in each of the computed 
Wances from noon will be nearly the ſame, if the change in latitude and 
ongitude between the obſervations be duly attended to. 


T3 219. Of 


Ex, 
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219. - Of the Vermer's dividing Plate. | Th 


When the relative unit of any line is to be divided into many ſmall 'F 
equal parts, thoſe parts my be too many to be conveniently introduced, 11 


or if introduced, they may be too cloſe to one another to be readily ej. 
mated; and on theſe accounts there has been a variety of methods con. 


trived for eſtimating the aliquot parts of the ſmall diviſions, into which the 
the relative unit of a line may be commodiouſly divided; among thoſe div 
methods that is moſt juſtly preferred, which was publiſhed by PEI | 


VERNIER (a gentleman of Franche Comte) at Bruſſels, in the year 


1631; and which, by ſome ſtrange fatality, is moſt unjuſtly, although 25 
commonly, called by the name of Nox ius: for Nonius's method is not | 
only very different from that of Vernier's, but much leſs convenient. 5 is 
Vernier's method is derived from the following principle, Ti 
If two equal right lines, or circular arcs A, B, are ſo divided, that the 0 
number of equal diviſions in Bis one leſs than the number of equal diu. 0] 
ſions of A; then will the exceſs of one diviſion of B; abeve one diviſion of Bl 
A, be compounded of the ratios of one of A to A, and one of B to B. T 
For let A contain 11 parts; then one of A to A, is as 1 to 113 or T 
x i | Il, 
Let B contain 10 parts; then one of B; to B, is as 1 to 10; 9 
| | | 10. 
| | | | ve 
New (- 1 (II. 148) . | 1 
| I IOXKII IO XII“ tit 
. | : 
_— | 
Or: If s contains » parts, and A is of 14 1 parts; 4 
| _ 5 3 
Then — Is one part of B, and r. is one part of A. T 
„* 1 X50} | I XX | 1+ Ii B 
| 7 1 n XET n+1X7 OY n * n+ b 
1 = | | 
| . 
1 N21 * * | | 
Or thus: Let A and B be unequal right lines, or circular ares; and 
let any part of A, conſidered as the relative unit, be divided into 
parts; and a part of B, equal to n + 1 parts of A, be divided into 
| a | | I 
parts: then will th of B = h of Aa = th of E N I th of 4. 
: 5 — n n na 
. | m . 
But u parts of A: 1 unit of A:: m + Iparts of A: —— units of 4, 
- 1 * c ; 1 /2 5 1 f N . 00 
3 | 
But m parts of B=(m+1 parts of a =) — units of A, FE 
T R . 4 N 4 " 


Then m parts of B: unt of a: fart of x: . units of . f 


M & N 


28 


Therefore 


4 
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RG: r _ FF 
r — — — a — —— ——— — — 
Therefo mxn n inn nxm mn n mn 
. | | 


"The moſt commodious .divifions, and their aliquot parts, into which 


the degrees on the circular limb of an inftrument may be ſuppoſed to be 
rider, depend on the radius of that inftrument. > 
Let R be the radius of a circle in inches; and a degree to be divided 


in parts, each degree being ch of an inch. 


Now the circumference of a circle in parts of its diameter, 2x inches, 
is 3514 15926 x 2R inches. e 
Then 360® 3, 1415926 * 2K :: 15 — « 2R inches. 
, ee 8 GOO R 360 | N | 
Or, 0,01745379 XR is the length of one degree in inches. 
Or, 0,01745379XR XP is the length of 15, in pth parts of an inch. 
But as every degree contains ꝝ times ſuch parts, 
Therefore n=0,01745379 XR Xp. 


. . EE * : 2 * = I 3 
The moſt commodious perceptible diviſion 18-8 or. — of an inch. 
| pag = | 


Ex AM. Suppoſe an inſtrument of 30 inches radius: Into haw many con- 
venient parts may each degree be divided? How many of thoſe parts are to go 
1 the breadth of the Vernier, and to what parts of a degree may an obſerva- 
tion be made by that inſtrument ? | | 


Now 0,01745 x R=0,5236 inches, the length of each degree, 
And if p be ſuppoſed about —— of an inch for one diviſion, 


Then o, 5236 x p= 4,188, ſhews the number of ſuch parts in a degree. 
But as this number muſt be an integer, let it be 4, each being 15“ 


be divided into 30 parts. 


And let the breadth of the Vernier contain 31 of thoſe parts, or 72 and 


Here n= ; m; then * g. of a degree, or 30”, 


- 4 V 
Which is the leaſt part of a degree that inſtrument can ſhew. 


If n=, and 156 ; then ＋ * * 5 of a minute, or 20”, 


220. The following table, taken as examples in the inftruments 
commonly made from 3 inches to 8 feet radius, ſhews the diviſions of 
_ the limb to neareſt tenths of inches, ſo as to be an aliquot of 60's, and 
what parts of a degree may be eſtimated by the Vernier, it being divided 
into ſuch equal parts, and containing ſuch degrees, as their columns 


Th OO, Rad. 


ſheiw, 


(II. 197) 
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* 2 8 4 
= — — 


Rad-. Parts in| Parts in | Breadth Parts Rad. Parts in- Parts in |Breadth Parts | 
inches 2 deg. | Vernier: | of Ver. fobierved. fliaches| a deg, Vernier of Ver. | obſerved, 
— a 122 — | — — — 
. 14 <f30| 5 0199 [V0 
pr a7 = | 203 | 3.0 | 36]. ,0._|:-239.- 57 2% 
S c 438.1915 
122 23 121 1 Ic 8 99 40 10 
1 3 20 62 1 © 8414 36 N 1 3 0 10 
0 104 00 4072 12 3 P20 10 
Þ-| 4 | 30 1 30 84 15 |. 49 | 25 [ 6 
114 36 4 O 25 96 | -2C -- 60 4 oO 4 | 


- o 
— 2 . 


By altering the number of diviſions, either in the degrees or in the 
Vernier, or in both, an angle can be obſerved ..tp . a different degree of 
accuracy. Thus to a radius of 30 inches, if a degree be divided into 
12 parts, each being five minutes, and the breadth of the Vernier be 


: Th. . : | ; 6 I a 1 - '0 
21 ſuch parts, or 14, and divided into 20 parts, then TI Y 2 * 
| 8 Tt 20 240 


15“: or taking the breadth of the Vernier of 272, and divided inne 
| IT 1 x” | T  # | 
30 parts; then —x — = or 10"; Qr K . = 6% 
„ 

where the breadth of the Vernier is 44e, „ 


* 
- 


ron r ˙ 
Practical Afronomy. is 5 


The ELEMENTS of the EARTH“ MOT IO. 

221. By the theory of the Sun, or Earth, is meant the knowledge of 
all the requiſites, or eiements, neceſſary for determining its place in the 
ecliptic at any propoſed tige. a e ens 

222. Mean Mor loN, or ME AN ANC ULAR VELociTY, is a motion 
made untformly in the gircumference of a circle, the center of motion 
being the center of that circle. | „ SY 

The mean motion of a planet is the degree and parts ſhewing its 
diſtance from the firſt point of Aries, reckoned in the order of the 
ſigns. 3 e Freon . 

223. ANOMALY, or I RUE ANOMALY, is an angle made by two lines 
drawn from the center of motion, one to the Aphelion, or Apogee, and 
the other to the place of the revolving body, or planet: Or, ANOMALY 
is the angular diſtance of a planet from its Aphelion, the angular point 
being the center of motion. „%% 8 

224. MEAN ANOMALY is that made by an uniform circular motion 


about the center, and is the fame as mean motion, beginning at the 


Aphelion. 
.*6 i G . | 27. bY Exe» 


k 
OI. 


t 


Let s be the plabe ot? the Bun? c the "center of 


Let E de a true place of the earth in its orbit; 


wokV, - ASTRONOMY. 231 


225. ECCENTR IC ANOMALY is an angular diſtance from the aphelion, 
determined | in a circle on the tranſverſe axis by a normal to that axis, 
rafling through the planet's place in its elliptical orbit. 

226. The EQUATION CF THE CENTER, ſometimes called the profthe- 
hereſi s, is the diſtance between the mean and true anomalies, 

227. The motion of the equinoxes is the ſame as the preceſſion if the egui- 


wren, which is backward, or contrary to the order of the ſigns; by which 


the ſtars appear to have advanced forward from the: equinoctial point 


Aries; this motion is about 50 ſeconds of a degree in a year. 


228. The motion of the apſides is a flow motion of the Earth's orbit 
around the Sun in the order of the ſigns; diſcovered by the apogeon chang- 
ing its place among the fixed ſtars: this motion is found, by comparing 
lt it obſeryations together, to be about 16 ſeconds of a degree i in a year, 
in reſpect t to the fixed ſtars; and about 66 ſeconds (= 500% ＋ 16% wah 
refpect-to the equinoxes. 5 

229. A TROPICAL or Sol AR Vas | is the time elapſed between 8 
ſucceſſiye paſſages of. the" Sun rough. the ſame equinoctial or ſolſtitial 
points of the ecliptic. | 

230. A SIDERIAL Yay. is the time the Sun takes between his depar- 
ure from any fixed ſtar to his next return to that ſtar. 

231. An AN OMAL AS YEAR is the interval. of time between two 
ſucceeding paſſages of the Sun through the ſame apſis, 


232. By the annexed figure the foregoing ar- 
ticles may be eaſily comprehended. + | 
On the line of the apſides ap deſcribe a circle 

App, called the excentric; and an ellipſis 

AEp for the Earth's orbit, having the excen- B 

tricity CS. 


the orbit, a the aphelion, p the perihelion ; | 
SA the aphelion, or apogeon diſtange.; 3 SP the. 
perigeon diftance. - : 


Da correſponding place in * eccentric, i in 
FE continued, normal to AP. : 

t the 4 ACB repreſent the mean anomal s 
* L ACD is the eccentric anomaly; and the. ' 
LASB is the true anomaly ; the difference 


between 4 Acs and Z. A8E is the equation of Ts | = 


the center. 


When the Farth is in the apſides, then B and E fall together in A and , 
and here is 


i; at its mean diſtance from the Sun. 


0 


| equation of the center, the mean and true anomalies being. 
equal; but the greateſt equation oſ the center muſt be, when the Earth 


233. Obſervations ſhew, that in chis age the Earth . the apogee 


on the zoth of June, when its daily motion is 57” 12”; and paſſes the 
perigee on the Zoth of December, when the daily . is 61/ 12//; and 


is at the mean diſtance about the 28th of March and 30th of September, | 


When, | its $ Guily 1 motion is 59 8, 


5 5 > 234 PRQ- 
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Z 
. To find the Latitude of a Place. 


oni N. gelect a ſtar, the diſtance of which from the pole ſtar does 
not exceed 8 or 10 degrees; and obſerve with a e che greateſt and 
leaſt meridional altitudes ; then ee 

Ik both*obferyations are on the ſame fide of the zenith; C 

Half the ſum of the alts. is the latitude, on the ſame ſide of the zenith. 

If the obſervations are on different ſides of the zenith; No 

- Half the difference of the altitydes is the co-latitude, on the ſame tide of 
the zenith, with the leſſer altitude. 

For let Hzx be the meridian, HR the horizon, 
A the zenith, RR, RA, two altitudes on the ſame 
fide of the zenith; Hö, Ra, two altitudes on 

"contrary ſides of the zenith; A | 

Then, the arc AB, or ab, being biſeQed, will „ 
give P the poſition of the elevated pole. 

For a ſtar is equally diſtant from p in its reyo- 
lution; _ | 

Therefore PA=PB; or arb; and. RP > equal 
to the latitude. | 


ST 1 V WE" 7 e 1 RA+RB 

Honce a = (A ram 3 2 3 "IM 

Ms e 221 . pb T 14 
And RP | ( + ra Pa == = 


2. e 2 . 


"-wd 


_180%—nbo RA =) gow! Whey be Es 


54 . — e 


235. REMARKS. I. There will be hon 12 hours between the two 
obſervations. 


2. This method is ſubject to a Goal error, on account of the leſſer 15 
titude being more affected by refr Qtion, than the Onſen. * 


22. 


236. PROBLEM LVIL 
| f To find the Obliquity of the Eeliptic. 95 
SOLUTION. Let the meridian altitude of the Sun' s center: be obſervel 


6. *. 


<< bp o+* Huy 


4 1 


k. 


inne | 
ow ufing either the two firſt, or two laſt 
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237. REMARE, By the ſecond method the declinatio of the fixed 
ſtars, or of any other celeſtial phenomenon, may be found; obſerving that 
their declination is of the ſame name, viz. north or ſouth, with the lati- 
tude of the place, when its complement is leſs than the altitude; other- 
wiſc, of a contrary name with the latitude. . 


238. PROBLEM Tun. 
| To find the Time of an Equinox. 


SoLUTION. In a place the latitude of which is known, let the Sun? 8 
meridian altitude be taken on the day of the equinox, and on the day pre- 
ceding, and that following it. Then the difference between thoſe alti- 


tudes and the co-latitude will be the Sun's declinations at the times of 


obſervations. _ (236) 
If either of. the altitudes is equal to the co-latitude, that obſervation — | 
made at the time of the equinox. | 
But if the co-latitude is unequal to either of the altitudes, ab thus: 
Let DG repreſent the equator ; AC the ecliptic, 
E the equinoctial point; the points, 45 e, 
the places of the Sun at the times of obſerva- 
tion; the arcs AD, BF, co, the correſponding 


obſervations, ſuppoſe the latter, in the right- 
angled ſpherical triangles EO, BET, in which 
there are known the obliquity of the ecliptic, and the declinations 4 ; find 


Ee, EB; then Bc, the ſum or difference of Ec, EB, is the * arc de- 


ſeribed in 24 hours. Then ſay, 

As BC to BE, fo 24 hours for Be, to the time correſponding to Bz. | 

And this time ſhews the diſtance of che equinox from the time "of the 
middle obſervation. 


2239. PROBLEM IIX. 


To find the Length of the — e and anomaliſtical Revolutions 


of the Earth, 


Sor uriox. Let t two obſervations be choſen, among the moſt authentic 
of thoſe on record, of the time when the Sun had like poſitions, viz. 

Iſt, In regard to his longitude, or place in the ecliptic. i 

2d. In regard to the right aſcenſion of ſome noted ſtar. 

3d. In reſpect to the line of the apſides. 

The greater the interval (ſuppoſe 80 or 100 years) between each two 
obſervations, the more accurate will be the reſult : then that interval 
being divided by the number of revolutions made during that time, will 
give "the time of one periodical revolution. 

According to Mayer's tables the numbers are theſe, - 


A tropical year is made in 3654 5 4.86 429, | 
A periodical, or fiderial revolution | 305-4: 8 
An anomaliſtic revolution + ©. RS 


240. REMARKS» 
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240. REMARES, 1ſt. The tropical year being ſhorter than the ſiderial 
by 20 m. 25 s., ſhews that the Sun has returned to the ſame point of the 
_ ecliptic, before he has made one complete revolution with regard to the 
ſtars ; and confequently every point of the ecliptic muſt have moved in 
antecedentia during that tropical period, and ſo have produced what is 
called the preceſſion of the equinoxes. | | 
Now 365d. 6h. gm. 75s. : 360% : 20m. 258. : 50%, 3, or nearly 50% 
for the preceſſion in one year. 3 5 
If there was no preceſſion, the tropical and ſiderial years would be 


equal. = | | | | : di 
241. 2d. A ſiderial ak being performed ſooner by 6m. 22s. than of 
the anomaliſtic, ſhews that the line of the apſides has a motion in conſe- de 
guentia : now 365d. 15h. 29m. : 360: : 6m. 225, : 15,7, the yearly li 
quantity by which the Sun's apogee is advanced in reſpect to the ſtars: of 
and as the equinoxes move in antecedentia, and the apſides in conſequentia, n 
their ſum 66” (50, 3 15,7) ſhews the motion of the apſides from the 
EqUINOXES. | TF . : t 
242. 3d. From the compariſon of many obſervations it appears, that fe 
the length of the ſolar year, deduced from two very diſtant obſervations ; 
made at the time when the Sun was in the ſame point of the ecliptic f 
near its apogee, differs by many ſeconds from the length of the year de- r 
duced by like obſervations, when the Sun was in another part of the, 
ecliptic, near its perigee ; thoſe made: near the apogee giving the revo. 


lutions Jefs, and thoſe made near the perigee making them greater, than 
the revoluticns deduced from obſervations taken at the Sun's mean dif- 
= tance; this alſo ſhews, tha: the line of the apſides has a motion in conſe= 
 guentia; and that the length of a tropical revolution ſhould be deter- ; 
mined from very diant obſervations, made at the times when the Sun is 
at its mean diſtance from the Earth; or that the mean revolution ſhould be 

taken between thoſe deduced from obſervations made on the Sun's place, 

when he is in both the apogee and perigee. 8 | 


243. PROBLEM IX. 
To fend the right Aſcenſion of ſome noted fixed Star. 


Having a good clock well regulated to mean. or equal time, a large 
_ aſtronomical quadrant fixed in the plane of the meridian, and an equal 
altitude or tranſit inſtrument: then, on ſome day a little before or atter 
the vernal equinox, when the daily alteration of the Sun's declination 
1s about 18 or 20 minutes, obſerve the Sun's meridian altitude ; and 
by equal altituds find the times when both Sun and ſtar come to the 
meridian ; the difference of theſe times is their difference of right aſ- 
cenſion. Fo. 5 3 
Again: At ſome time a little after or before the autumnal equinox, be- 
fore the Sun has paſſed the ſaid declination, obſerve his meridian altitude; 
and by equal altitudes find the times of the Sun and ſame ſtar's coming to 
the meridian, the difference of thoſe times is alſo the difference of their 
right aſcenſions, V | | 
If the vernal and autumnal meridian altitudes are the ſame, then 
thoſe obſeryations were made, when the Sun was on the ſame * 
| | l | rag of 
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of declination : now the ſum, or diff. of the two obſerved differences o 
right aſcenſion, ſhews the equatorial arc deſcribed by the Sun between 
thoſe times; which arc, being biſected, ſhews the diſtance of the neareſt 
ſolſtice from the Sun, at the time when the obſervations have equal alti- 
tudes; and that diſtance corrected and taken from go?, ſhews the Sun's 
right aſcenſion at the vernal obſervation, or its complement to 360 de- 
„ : 


From hence, and the firſt difference of right aſcenſion between the Sun 


and ſtar, the ſtar's right aſcenſion will be obtained. FC 


244. If the two meridian altitudes of the Sun are not the fame, their. 


difference ſhews the difference of the mid-day declinations, when thoſe 
obſervations were taken: now from ſome tables of right aſcenſion and. 
declination take the Sun's daily alteration in declination and right aſcen- 


fon on the day the leſſer altitude was taken ; then ſay, As the daily change 


reftion in right aſcenſion. — | 
This correction being added to the vernal, or ſubtracted from the au- 


if decl. is to that of right aſcen.; ſo is the diff. of the altitudes, to the cor- 


tumnal difference of right aſcenſion, as either is leaſt, reduces that dif= _ 


ference of right aſcenſion to what it would be when the declination is the 

fame with the other; and then the difference between thoſe two dif- 

N of right aſcenſion, ſo reduced, gives the equatorial arc, as before 
recited, L | | | | | 


445. At the Royal Obſervatory at Greenwich, in the year 1770, ob- 


ſervations were made on the Sun and the ſtar à Aquila. x 

March 15, Sun's mer. zen. diſt. cleared of refraction and parallax; was 
53* 28/ 29//; and their diff. of rt. aſc. was 609.307 5,87, 

Sept. 28th. Sun's mer. zen. diſt. cleared of refraction and parallax, was 

53 367 20//; and their diff. of rt. aſc. was 109% 59/ 22, 8“. 
Then 7” 57“ is the diff. of zen. diſts. or the alteration in declination” _ 
Alſo 2% 407 and (Zu 30 or) 547 45“ are the diffs. of decl. and rt. aſc. 

between the 15th and 16th days of March 1770. 

Now 23/ 4&: 7 57”: : 54 45” :.18/ 23,5 the increaſe of the dif- 
ference of right aſcenſion after the noon of the 15th of March. 

Then 60 30/ 07,8//—18/ 23,5 60 11' 44, 3“ which is the firſt diff. rt. 
© alc, when the Sun had the ſame decl. as at the ſecond obſervation. 
Here, the times of the two obſervations fall neareft the winter ſolſtice, 
Then 60® 11/ 44,37 + 109* 50 22,8” =170? 110 //; its half 85* 5 33,57 

is the diſtance of the winter ſolſtice from the Sun. 

Hence 270 48 5 5' 33,50 +18” 23,5” =355* 23* 57” is the Sun's rt. 
aſc. on March 15th. | | 
_ 3552 23 57 50 3d 75,8/==294* 53/ 49,2“ is the rt. alc. of a 
quilæ. | | 

246. The right aſcenſion of one ſtar being known, the right aſcen- 
ſions of all the reſt are found by noting the times ſhewn by the clock, 
when thoſe ſtars come to the meridian : for the differences of thoſe times, 
from the tranſit of the choſen tar, are the differences of right aſcenſion ; 
by which the right aſcenſion of all the obſerved ſtars will be known ; 
taking care to augment or diminiſh the right aſcenſion of the choſen ſtar 
by thoſe differences, according as the choſen ſtar is preceded, or followed 
by. the other obſerved ſtars, | 
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_— PROBLEM : 
To find the Sun's Place. 


SoLUTION. Let the time be obſerved both when the Sun, and a flar 
(the right aſcenſion of which is known) paſled the meridian, and hence the 
Sun's right aſcenſion is well known, 1 5 

With that right aſcenſion, and the obliquity of the ecliptic, compute 
(142) the longitude, and thus his place in the ecliptic will be known, 


248. oer ain 
To find the greatęſt Equation of the Center. 


SoLUTION. At the times when the Sun is near his mean diſtance, let 
his longitude be found ; their difterence will ſhew the true motion for 
that interval of time. | | = 

Find alſo the Sun's mean motion for that interval of time. 

Then half the difference between the true and mean motions will ſhew 
the greateſt equation of the center. . 2 
Obſervation made at the Royal Obſervatory at Greenwich, ſhews that 
1769 October 1ſt. at 23" 40 12 mean time, © long. was 6* gf 32/ 0,6// 
1770 March 2gth. at © 4 50 mean time, © long. was 0 50 27,5 
The diff. of time 178d. 0 15 38; True diff. long. 5 29 18 27 
The tropical year S305 d. 5h. 48m. 42s. = 365, 2421527 
The obſerved interval 2178 o 15 38 S 178, 01085048. 
Then 305,242 1527: 178,108 5648: : 360%: 175, 45 5948 mean motion. 
So 175% 27/ 21“ of mean motion, anſwers to 179® 18/ 27/ true motion. 
Their diff. 3 51/ 6“/; its half 1® 55/ 33“ is the greateſt equation of the 

center according to theſe obſervations. 


—__ PROBLEM LXI. 
To find the Eccentricity of the Earth's Orbit. 


SOLUTION. Say, As the diameter of a circle in degrees, 
Too the diameter in equal parts; 
So the greateſt equation of the center in degrees, 
To the eccentricity in equal parts. 8 
The greateſt equation of the center 1* 55/ 33/ = 1,9258333, WMW. 
The diam. of a circle being 1, its circumf. is 3, 1415926. (II. 197) 
Then 3, 1415926: I : : 360%: 114% 50 1 5609 equal to the diameter. 
And 114, 501009: 1,00 &c. : : 1, 9258333: 0,0168061 the eccentricity. 
Hence 1, 16806 (=1,000000 , 10800 =aphelion diſtance. | 
And 0,983194 (=1,000000--0,016806) =perihelion diſtance. 


—— 
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6 PROBLEM LXIV. 


To find the Time and Place of the Sun's Apogee. 


SoLUTION. On each day of two ſucceſſive apſides let the Sun's place 
and the time be obſerved. _ : 

Then if the interval of thoſe times and places is equal to the halves of 
265d. 6h. 15m. 29. and 360" 1, 6”; thoſe obſervations were made 
when the Sun was in the apſides. | 3 
Por ſuch intervals of time and place belong to no other points of the 
Earth's orbit. | | FX, | 


talves, take the difference between the interval of place and 180? of 33“/. 

Then to the daily motion of the Sun's apogee (233), the faid diff. and 
14h. find the proportional time; which proportional time and difference, 
being applied to the time and places of the apogeon- obſervation, gives a 
tme and place when it is 180? O33“ diſtant from the obferved perigeon 
place : now if the interval of theſe times is equal to 182 d. 15 h. 7 m. 
4 s. the times and places of the apſides are known. | | 

But if the interval of time differs from 182d. 15 h. 7 m. 44 8., ſay, 
I the diff. between the perigeon and the apogeon daily motions, is to the daily 
mition of the apogee ; 1 is the diff. of the interval of time, to a ſecond cor- 
riftion of the time of the apogee. B74 | 

This correction applied to the apogeon time, corrected as above, will 
zue the true time of the Sun's apogee. 125 

Alſo, to the laſt correction of time find the proportional motion of the 
Sun's apogee; and apply it to the laſt corrected place of the apogee, and 
the true place of the apogee will be obtained. | 


By obſervations made at the Royal Obſervatory at Greenwich in the 
year 1769: | | | OLED 
July 1ſt. at of 2 20 mean time © long..=3* 9g 46® 26,6" 
December 29th. at o 2 49 mean time © long. =9 8 10 58, r 


— — 


Interval 180 d. 23 59 29 Interval of place 25 8 3s. 16 
The Sun's motion in half an anomaliftic year 6 o o 33 + 


The Sun's place at firſt obſervation is too forward by E 1 hi 
Then 57” 12“: 1 36“ 13,4” : : 24 h.: 40 h. 22 m. 24 8. to be taken from 
the time of July iſt, to make the diſtance of the times anſwer to the half 
of 360 1' 67%; and it leaves Jane 29d. 7 h. 40 m. 56 8.; at which time, 
the Sun was in 3* 8 10), 25,1 which is diſtant from the December ob- 
ſervation by 180? of 33“: But here the interval of time is 182d. 16 h. 
um. 53 8.; which is greater than 182 d. 15h, 7 m. 44.5 8. the half ano- 
maliſtic revolution, by 1h. 14 m. 82 s.; therefore the Sun has ſome time 
to run before he comes to the apogee. | 

ow 40” :; 57" 12 ;: Th. 14m. 82s. : 17h. 13m. 148. correction of time. 
And 24 h.: 17 h. 13m. 145. :: 57' 12” : 42 6,9”. correction of place. 
Then June 29 d. 7h. 4m. 508. +17 h. 13 m. 145. gives 

June 30 d. Oh. 21 m. 10s. for the time of the apogee. 

And 3 8 20/: 25,1 + 42“ 6,8“ gives 3* 8? 52 33 for the place of the 
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But if thoſe obſerved intervals of time and place differ from the ſaid 
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251. eL 
Ai any given time to find the Sun's mean Anomaly, 


SOLUTION. Let an epocha of the Sun's paſſage Srovgh its e be 

accurately determined. Then ſay, 5 * 

As the time of a tropical revolution, or folar year., 

To the interval between the aphelion and given time; 

So is 360 degrees, 

To the degrees ſhewing the mean anomaly. 

Or: From the tables of mean motions find the Sun's mean motion for 
the given time, and this will be the mean anomaly. 


2 52. If the Sun's motion in the ecliptic: was epiformy his true place for 

any time could be found by the tables of his mean motion; but the Sun's 
Jongitude found by thoſe tables, called his mean longitude, muſt be cor. 
rected on account of his irregular motion 

As the Earth revolves in an elliptical orbit about the Sun, placed i in one 
of its foci, its angular motion round the Sun will differ from the angular 
motion it would have, were the Sun in the center of the ellipſis. 

Now the table of mean motions gives the angular motions from the 
center of the ellipſis in a circle deſcribed on the line of the apſides, and 
reckoned from the firſt point ef Aries; this motion, leſſened by that of 
the apogee, gives the Sun's mean longitude, | or mean anomaly, from the 
aphelion point, 

But the motion of the Earth being in an elliptic orbit, its true ano- 
maly will differ from its mean ; this difference, called the equation of 
the center, is the correction wanted to reduce the mean motions to the 
true ones. 


253. To find the equation of the center, or to ſolve (what is called) 
the Keplerian problem, is the moſt difficult operation, particularly in or- 
bits the eccentricity of which bears a conſiderable proportion to the mean 
diſtance : how to do this has been ſhewn by Newton, Gregory, Keil, 
La Caille, and many others, by methods little differing from one another: 
it conſiſts chiefly in finding an intermediate angle, called the eccentric 
apomaly, as ſhewn 1 in the following wann 


254. PROBLEM LXVI. 


The Sun's mean Anomaly being known, and the dimenſions of i its Orbit, to ow 
the eccentric Anomaly. 


SOLU TION, 


| Book V. 


ASTRONOMY. 289 
SOLUTION. Say, : — | 
As the aphelion diſ- H . | 
; nce | . 0 
To the perihelion diſ= 3 A 
tance z 1 


G is the tan. 4 the 
mean anomaly, 

To the tan, of an arc. 
Which arc added to 
half the mean anoma- B 
ly gives the eccentric 
anomaly. | 
For let ADBP be the 
eccentric, 
arp the Earth's orbit, 
cthe center,s the Sun, 
a the aphelion, Þ the 
perihelion, E the true 
place, D the corre- 
ſponding place in the 
eccentric, and B the | 8 E 2 72 
mean place. | „ 

Now it is evident, that the leſs the eccentricity is, the nearer will the 
eliptic orbit approach the eccentric circle; the nearer will the true and 
mean places, E and B, approach one another; and the leſs will be the dif- 
ference between the mean, the eccentric, and the true anomalies; alſo 
the nearer will the lines cD, 8B, approach to paralleliſm, or coincidence: 
ſo that in orbits of ſmall eccentricities cp and $B may be taken as pa- 
allel lines, particularly in the Earth's orbit, where cs is only about 28 
of op. whe” „ es 
Therefore C ASB = Z. ACD the eccentric anomaly, _ _ 

Then in the triangle Bcs, where the ſum of the ſides Bc + cs =5sAa; the diff, 
of the ſides pc cs sp, and BCS ( =ſupplement of acs) are known; 
the £.C$B may be found. | (III. 48) 

\ Thus 8A : $Þ : : tan. £ (ſum , csB+B=) LAcg: tan. of an are. 

Then Z 4 acB+ that arc L cs8 (III. 47) the eccentric anomaly. 


n be 


2 => n — 


33%; 8er 


The Sun's eccentric Anomaly, and the dimenſions of its Orbit being Enn, to 
5 ind the true Anomahy. | | 


SOLUTION. Say, As the ſquare root of the aphelion diſtance, 
| Too the ſquare root of the perihelion diſtance, 
So tangent of half the eccentric anomaly, 
To tangent of half the true anomaly. : 
For let a ſemicircle be deſcribed from E through the other focus 5, 
eutting AP in 5, I, and sE, produced, in g, H. | 


find 
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Or cF x cs=(Lis6=)EsE—ZEgs; ca (=ZsE+Zes) being radius, and gi. 


Therefore s&=(1+cs x cF (III. 47)=)1+cs x, Ach. (UL. 
| - = SET EE © Th 
Again. In A sFE. As sE: R:: s: 5 deR -( HTS Nees 
5 | 9 


SC+S,ACD , 1—_SC+5,ACD 
SCN An iT N Ab- 
Or AGEL E +8C X — HOP | 

I+S,zASE "\1+$8CX5s,zACD+S5C+5,ACD 
_I—$C+8CXS,ACD——S,ACD 
"I+S8C+SCXF,ACD+5,ACD 
s FHN, ac p- SP—SACDX 2 
SAT CSI XS, Ac DD SA TS, Ac D* SA 
_I—S,ACD 8P 

IA SDA . 


Then 1+ F, AsE: 1—, AsE : : 1+ 


1— , ASE 1—F, Acp s ap | 
But TTonee Sth fas; and mmm N SA Ae x g. (V. 277) 


8 P SP tt, TAsE 
1 Rs, I ap eee 
Then — Xtt,ZACD =tt,; s A f, Ach 
| | SP Qt,ZASE 
Therefore Ach 


Or )/ SA: VS P:: „Ach : t,Z ASE, 


256. REMARK. The Lc = L Ac UL Ask (II. 95), is the equatim 


of the center, to be applied to the mean anomaly; and is ſubtractive from the 


aphelion to the perihelion, or in the firſt ſix ſigns of anomaly; and additiv 


From the peribelion to the aphelion, or in the laſt ſix figns of anomaly. 


For the lines oB, sE; cb, sk, which coincide in sA, sp, will in every 
other poſition croſs one another; in Q while revolving from A to r, and 
in g while revolving from Þ to A: in the firſt half revolution, the mean 
anomaly, or the external 2 Acs, exceeds the E. ASE, the true anomaly, by 
the cs (II. 96) : in the latter half, the true anomaly, or external 
Ersa, exceeds the mean anomaly, or ch, by the C. sc. 


SECTION 


Book v. ASTRONOMY. 


I 
Practical Aſtronomy. 
Of the E u ATION of TIME. 


257. Time, which of itſelf lows uniformly, has its parts meaſured by 
| the motion of ſome viſible object; and the Lan being the moſt conſpi- 
cuous moving —_—_ in the heavens, its motion has been choſen as the 
moſt proper meaſure of the parts of time, as well for the day, as for the 
„* | | N 
"och. The aſtronomical day, at any place, begins when the Sun's 
center is on the meridian of that place; and is Gridedd into 24 hours, 
reckoned in a numeral ſucceſſion from 1 to 24: the firſt 12 are ſome- 
times diſtinguiſhed by the mark P. M. ſignifying poſt meridiem, or after- 
noon ; and the latter 12 are marked A. M. ſignifying ante meridiem, or 
before noon : but aſtronomers generally reckon through the 24 hours, 
from noon to noon ; and what is by the civil, or common way of reckon- 


ing, called morning hours, is by aſtronomers reckoned in the ſucceſſio 
from 12, or midnight, to 24 hours. | ' 

Thus 5 o'clock in the morning of April the roth, is by aſtronomers 
called April the gth, at 17 h. 5 

250. The Sun's daily motion in longitude is the arc of the ecliptic run 
through in that day; and his daily motion in right aſcenſion is the corre- 
ſponding arc of the equator; and the mean daily motion in either circle is 
meaſured by 59” 8” nearly. For 365 d.: 1d. : : 360: 59 8”. | 

260. An ASTRONOMICAL or SOLAR DAY is the interval of time be- 
tween two ſucceſſive tranſits of the Sun's center over the ſame meri- 


dian ; and is meaſured by the ſum of the whole equator, and an arc of it 


211) 


ation 
m the 
litive 


equal to the daily motion in right aſcenſion, = | 
For at the end of a diurnal rotation, which by obſervations is known 
to be uniform, the meridian has returned to the fame ſtar, or point of the 
ecliptic, which it was againſt at the preceding noon ; but the Sun, during 
this rotation, has removed from that ſtar to another, which has a greater 
right aſcenſion : therefore, before the meridian can be again oppoſite to 
the Sun, ſo much of another rotation muſt be deſcribed, as is equal to 
the daily motion in right aſcenſion. | 3 
261. A SIDERIAL DAY is the interval between two ſucceſſive returns 
of the ſame meridian to the ſame fixed ſtar, is leſs than the ſolar day, and 
is meaſured by 360. 3 | 
262. A MEAN or EQUATGRIAL Day is the time elapſed between 
two ſucceſſive tranſits of the Sun over the meridian, and is meaſured by 
360 59“ 8” nearly. = OY | 
263. MEAN or EQUAL TIME is that ſhewn by a clock, whoſe 24 
hours meaſure the time which the Sun takes to deſcribe an equatorial arc 
equal to 360° 59/ 8” nearly. = | 
264, The difference between the meaſures of a mean ſolar day and 
a ſiderial day, viz. 59/ 8, reduced to time (132), gives 3 m. 56s. ; 
which ſhews, that a ſtar which 8 on the meridian with the Sun on 
2 5 one 
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between the Sun' 
into time at the rate of 155 to an hour. 


before the apparent noon. 
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ene noon, will return to that meridian 3 m. 56 8. before the next noon 
therefore a clock, which meaſures mean or equal days by 24 hours, wil 
give 23 h. 56 m. 48. for the length of a ſiderial day. | 

265. APPARENT or RUE TIE, is that ſhewn by a ſun-diy]; 


where 24 hours, or a day, is meaſured by the ſum of 3609, and that day 
motion in right aſcenſion, 


266. The ſolar days are unequal to one another, for obſervations ſhey ff 


that the Sun's daily motion in right aſcenſion is continually varying. 
The true and mean ſolar days are never equal, but when the Sun's 
daily motion in right aſcenſion is 59 8/' ; which happens about February 
Iith, May 14th, July 26th, and November 1 : at all other times the 
lengths of the true and mean days differ. The accumulation of theſe dif. 
ferences produces the equation of time ; and ſometimes the apparent noon 
will precede the time of the mean noon, and ſometimes fall after it ; their 
difference amounting to above 16 minutes at the beginning of November, 
267. The EQuaTIon of TIME is the difference between the times 
ſhewn by a clock and a/ſun-dial ; or between the mean and true noons ; or 
. aſcenſion and his mean longitude when turncd 


This difference ariſes on two accounts. Firſt, becauſe of the obli. 
quity of the ecliptic the daily motions in tongitude and right aſcenſion are 
unequal. Secondly, becauſe of the unequal motion of the Earth in an 
elliptic orbit. „„ : 8 BY 

In the firſt and third quadrants, or between the figns V S, W, the 
Tight aſcenſion being leſs than the longitude (140), or the mean motion 
taken in the equator ; the point of right aſcenſion is to the weſt, and 
therefore the apparent noon precedes, or comes in conſequentiato the 
meridian before the mean noon : but in the 2d and 4th quadrants, or be- 
tween the ſigns SS , W V, the right aſcenſion being greater than the 
longitude or mean motion, taken in the equator, the mean noon is weſt— 
ward, and therefore precedes, or comes in conſeguentia to the meridian 

7 #24 10 1 

From the aphelion to the perihelion, oi in the firſt ſix ſigns of anomaly, 
the mean noon precedes the apparent; and in the laſt ſix ſigns of ano- 
maly the apparent noon precedes the true; their difference in either caſe 


is the equation of the center, which convert into time. 


Now becauſe the points of Aries, and of the Sun's apogee, the places 
where the two parts of the equation of time commence, do conſtantly re- 
cede from one another; therefore the whole equation of time made up 
of thoſe two parts will ſerve only for a few years, and requires to be cot- 
rected from time to time. 


268. To calculate the equatisn, or difference between the mean and afpa- 


rent noons, for any propoſed day. | 


* 


rence, or the equation of the center, is one part, 
The true anomaly gives the Sun's longitude 5 with- which, and the 

obliquity of the ecliptic, compute the right aſcenſion (139); the diffe- 

rence between the. longitude and right aſcenſion gives the other part. 
The ſum or diff, of the two parts, turned into time, gives the equa- 


tion ſought. | | 
as SECTION 


Find the mean and"true anomalies for that time (255) ; their diffe- 
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69. I. 2. ables of the mean motions of the Sun, 


270. In the following tables the numbers uſed were, 


December 31ſt 


ASTRONOMY. 


SECT I1Q0N: 1 
Practical Aftronomy. 
To make SOLAR TALES. 


301, 352) 
303, 3045 


Divide 360 degrees by a ſolar revolution, the quotient ſhews the mean 
notion for one day o 59/ 08“, &c. | EE 

Take the multiples of one day's motion from 1 to 365 for every day in 
he year; and theſe properly diſpoſed, according to the month days, wilt 
ive the mean motions fer every day of each month. _ (304) 

The 24th part of one day's motion will give that for one hour, and its 
multiples to 24 times will ſhew the mean motions anſwering to each hour: 
fom hence, thoſe for the minutes of an hour, the feconds of a minute, 
Gt. are eaſily obtained. : | (393) 


The mean motion of a year of 365 days (v:z. for the laſt of December) 
being doubled, tripled, and quadrupled, thoſe for 1, 2, 3, and 4 years 
vill be obtained, adding one day's mean motion to the 4th year, it 
being leap-year, and containing 366 days: the motion for leap-year 
being increaſed by thoſe of 1, 2, 3, and leap-years, give thoſe for 5, 6, 
7, and 8 years: the mean motion for 8 years being increaſed by thoſe 
for 1, 2, 3, and 4 years, give thoſe for 9, 10, II, and 12 years: and 
thus increaling the mean motion for the laſt leap-year by thoſe of 1, 2, 3, 
ad 4 years, the mean motions may be continued for any number of ab- 
ſolute years. | (301) 


Length of the year — 

Yearly motion of the apogee, PE . 
Plce of the apogee, beginning the year 1760, 
Greateſt equation of the Earth's orbit, © 


365d. Sh. 48m. 5448. 
. 

1 $48 

1 39 


271. Now 365 d. 5 h. 48 m. 544 f. 365,24 23003472 days. 

Then. 36 5, 242 3003472 d.: 360% : 1 d.: 0,98 e degrees. 

Hence the mean motion for 1 day = O o* 59 8” 19 45 5 50 

Jawary th 5 days= O 4 55 41 38 34 10 

Jawary Zoth 30 days O 29 34 9 25 0 

March 31ſt o days= 2 28 42 29 3 

une 20th 180 days = 5 27 24 59 | 4 30 

ecember 26th 360 days 11 24 49 58 2 

365 days 11 29 45 40 8 34 
Fi 


— = 


8%, which is the radical mean place for the year 1760, 
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Now 1 year's mean motion 11.29 45 40/14“ 183% 1001, 

2 years | 211 29 73-20 20 437 © 20 
3 years =11-29-17 % 4 
4, or leap year =0 O I 49 17 © 11 30 3 +1y.414. 

years 211 29 47 29 31 18 45 40 4. 4 1. 
6 years 37 10 $0=49. +29, 
7 years. 35 54 O=4y.+3y. 

8 years B 38 o 23 Orgy. & 2. 


20 years B | : 0: 0 7. 20=47-x5.-- 
100 years B | 4 47 JO=20y.xX5, 


1000 years B 7 35 20 50 47 55 OS i000. x10, 
Where B ſtands for bi os 155 1 


272. But to find the mean motions for the years related to any par. 
ticular epocha, the mean motion for ſome particular time in that epocha 


muſt be known. Thus, 


Let the mean motion of the Sun be determined by obſervation (or 
otherwiſe) when the Sun is in ſome noted point of the ecliptic, ſuppoſe 
near Aries: or let the time of its entrance into the ſign Aries be wel 
aſcertained. Take the difference between the time of that ingreſs and 


the 31ſt of December at noon, in days, hours, minutes, and ſeconds, 


(reckoning the end of the 31ſt of December to be the beginning of 
— at noon, ) and find the mean motions for thoſe days, hours, 
minutes, and ſeconds, and it will ſhew the motion from Aries, for 
the 31ſt of December, or the mean motion at the beginning of the 
year — z or the radix for that year with relation to the propcſed 
e A. ; 
The relative mean motions for one year being known, thoſe for any 
number of ſucceeding years belonging to that epocha, may be had, by 
adding ſuch of the before found abſolute years to the firſt relative year, 


as will make the number wanted: and the mean motions for any paſt 


year of that epocha will be found by leſſening the radical years by 


ſuch a number of the abſolute years, as will produce the relative years 


required, |, | (302) 
And in this manner are tables conſtructed, by which the mean motions 
of the Sun for any time paſt or to come may be computed. | 
273. Suppoſe in the year 1760, the Sun entered Aries on the 20th of 


March, at 13h. 42 m. 348. P. M.: Required the Sun's mean motion for 
the beginning of the year 1760, | | 


Now 1760 being leap-year, February has 29 days, and from the equi- 
nox to the commencement of the year is 80 d. 13 h. 42 m. 34 8. 
Then 1 d.: o, 9856470613 deg. : : 80 d. 13 h. 42 m. 34s. : 79,414 
Sc. degrees. „ 8 
Therefore at the beginning of the year 1760, the Sun's mean longitude 
was 2* 107 24 52” ſhort of Aries; or his mean longitude was 9* 10˙ 35 


274. II. Of the mean motions of the Sun's apogees. (301, 302) 


The yearly motion of the apogee being determined (241); the mo- 
tion for any number of abſolute years will be that multiple 2 
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ear's motion, and ſo for any part of a year : the monthly motions will 
he 5 ſeconds for ſome months, and 6 for others, to make 65 in the 12 
months. | - 

Let the time of the Sun's paſſage through the aphelion be accurately 
determined by obſervation (250), and alſo its place in the ecliptic ; then 
the diſtance of the place of the apogee from Aries will be known at that 
time: let this diſtance be leſſened by the apogee's motion from the laſt 
day of the year preceding the propoſed epocha to the time of the apogeon 
paſſage, and the mean motion of the apogee will be known for the be- 
ginring of that year, taken as a radix, Ef = 

Then that radical mean motion, increaſed by the multiples of the yearly 
motion, will give thoſe for ſucceeding years : but being diminiſhed by 
thoſe multiples will give them for paſt years. 

The Sun's mean motion for any time, leſſened by that of the apogee for 
that time, gives the Sun's mean anomaly. | 


275. III. Of the equation of the Sun's center. (305) 


To every degree of the firſt ſix ſigns of mean anomaly aſſumed, find 
the true anomaly (253, 254) : the difference between the mean and true 
anomalies will be the equations of the center to thoſe degrees of mean 
anomaly z which ſerve alſo for the degrees of the laſt ſix {ines ; as equal 


_ anomalies are at equal diſtances on both ſides of either apſide. 


Set the equations of the center orderly to their ſigns and degrees of 
anomaly, the firſt ſix being reckoned from the top of the table down- 
wards, and ſigned at top with the title ſubtra7; the laſt fix, for which 
the ſame equations ſerve, but taken in a contrary order, viz. from the 
bottom of the table reckoned upwards, are ſigned at bottom with the 
title add; and let the difference between every adjacent two equations, 
called tabular differences, be ſet in another column. = | 

From theſe equations of the center, augmented or diminiſhed by the 
proportional parts of their reſpective tabular differences for any given 
minutes and ſeconds, are deduced equations of the center to any given 
mean anomaly. _ | | ; | 

275. Aſtronomical tables are uſually computed to anſwer to two given 
denominations only; as to ſigns and degrees; degrees and minutes 
months and days ; &c.; for if made to more names, ſuch tables would 


ſwell into a bulk ſo great, as to be tedious to compute, expenſive to print, 
and of no great advantage in the uſe; but it generally happens in calcu- 
| lations, that numbers are wanted from tables to anſwer to given numbers 


of three or more denominations, as to ſigns, degrees, minutes, and ſe- 
concs ; months, days, hours, minutes, and ſeconds; Sc.; and to obtain 
from the tables numbers anſwering to all the given names, the tabular 


numbers are to be increaſed or diminiſhed by a proportional part of their 


difference. | 


Thus: To find the equation of the center to 4* 21 44 36%. 


Now the equation to this number will fall between thoſe belonging 
par and 4* 22%; which equations are 1* 13' 59“ and 1* 12/ 24” (205) 

Their diff. is 1035“ 295“; the pro. pt. of which is to be taken for 44 30”. 
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And as the diff, 1 or 607: diff. c5” : : 44% 70%6 = 11 the pro- 


portional part. 


Now to 4 21? o 9% 11 50. the equation of the center. 
And too o 44 36, I II is the prop. part to be ſubtracted, 


2424 ͤ˙ ro 


Then to 4 21 44 36 „ I 12 48 is the equation of the center. 


When the tabular numbers are increaſing, the proportional part is to be 
added; but when decreaſing, the proportional part is to be ſubtracted. 


"> + | IV. Tables of the Sun's true place. (308) 


The Sun's true place at any propoſed time is thus found. 

Collect together the mean motions of the Sun, and alſo thoſe of the 
apogee, for the given year, month, day, (hour, minute, and ſecond, 
if given); and their ſum will be the mean motions of the Sun and its 
apogee. 

"The Sun's mean motion, leſſened by that of the apogee, gives the mean 
anomaly ; to which find the proper equation of the center by proportion- 


Then the Sun's mean motion, augmented or diminiſhed by the equation 


of the center, as the title of its table directs, gives the Sun's true longi- 


tude or place for that given time, 


The Sun's place thus found to every day for four ſucceflive years, viz, 


For leap-year, and 1, 2, 3 years after; and thoſe places ranged under 


their proper years, according to their reſpective months and days, conlli- 
tute the tables of the Sun's place. | | 
Theſe tables find the Sun's place at noon only; but the place for any 


intermediate time is found by applying to the noon-place the proportional 
part of the daily difference at that time. 


278. To find the Sun's longitude, ſuppoſe on May 4, 1788, at the time of 


apparent noon. 


In the table of the Sun's longitude (308) for 1788, againſt May 4th, 


ſtands 1* 14 36/ 02”, which ſhews that the Sun's longitude, reckoned 
from Aries, is 44 3602“; or that his place is in 8 14 36” 02”. 


But to find the Sun's place at any other hour, ſuppoſe on May 4th, at 
7 h. 24m. 368 apparent time, proceed thus | 


I! be difference between the noon places of the 4th and 5th of May is 
57 59” =3479”, anſwering to 24 hours in time. (308) 


portional part. | 
And 1* 14 360 02” +17 54"'=1* 14* 53' 50% the Sun's longitude 
at that time. ; 3 


279. Or, the Sun's place may be found by the tables of mean mo- 
tions. 1 


From 


its 
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From the apparent time 7* 24“ 36“ take the equation of time ( 316) 
equal to 3' 35 and the remainder 7 210 1”, is. the mean time. 


1788. @'s m. mot. (302) g* 10˙ 47 53” Mot. ap. 3 9 17 45 (302) 
May 4 | $995) 4 23-14 7-7: 22 (307) 
7 hours | 303 7 15 3 9 18 07 m. apogee. 
21 minutes (303) 52 fo Te | 
_ e Diff. 10 4 1 06 m. anom. 


— —— No to 10, 40 the equation of the 


y mean longitude 1 13 19 13 center is 1 4 ARES. (305) 
Fquat center + 1 34 44 And the diff.is70”decreaſing.60' ;70" 


Sun's true longitude 1 14-53 57 And 1% 34 45"—1"=1 34 44 equa- 
; Jn ' [tion of the center. 


0. To find the Sun's lonzitude at any given time and place. 
Seek, in the table of the longitudes of places, at the end of Book VI. 


for the difference of longitude between London and the propoſed place; 


and convert the diff. of longitude into time. | | 
If the propoſed place is to the eaſtward of London, take the diff. be- 


tween the propoſed time and diff. of longitude, and this will ſhew the cor- 


reſponding time at London ; after'noon, if the propoſed time is greater 
than the diff. of longitude ; but before noon, if the propoſed time is 
leaſt, | . : 
If the propoſed place is to the weſtward of London, the ſum. of the 
propoſed time and diff. of longitude will be the correſponding time at 
London. | | | 
The Sun's place found to the correſponding time at London, will be 
the Sun's longitude ſought for the propoſed time and place. | 
Thus: In.a place 6h. to the eaſt of London, when it is 8h. P. M. 
zt that place, it is 2h. P. M. at London; and when it is 4h. P. M. at 
that place, it is 2h. before noon at London. - : 
For when it is noon at London, it is 6 h. P. M. at the other place. 
Alſo, in a place 6h. to the weſt of London; when it is 8 h. P. M. at 
that place, it is 14 h. P. M. at London. 5 | 
Eire when it is noon at the propoſed place, it is 6h. P. M. at 
ondon. 5 5 


281. V. Tables of the Sun's diclination. (309) 


With each of the Sun's longitudes, already found, and the obliquity of 
the ecliptic, find the declination to each day of the four years. (139) 

Or thus: To each degree of the three firſt ſigns of the ecliptic, 
taken as longitudes, find the declination (139) : and of theſe declinations, 
regularly ranged to their ſign and degree, take the difference of each ad- 
jacent two, which ſet againſt them in another column; and this auxiliary 
table is prepared, anſwering to each ſign and degree of longitude ( 306) : 
for to equal longitudes, taken on both ſides of each equinox, belong 
equal declinations, | 

Now theſe auxiliary declinations augmented or diminiſhed, accord- 


ing as they are increaſing or decreaſing, by the proportional part of their 


difference, 


: 106“: 17 the proportional part. 


— 2 —-— . 
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between the vernal and autumnal equinoxes, 


thoſe given, ſtands the proportional part ſought. 


ASTRONOMY. Book v. 
difference, for the minute and ſeconds in any given longitude, will give 
the declination for that longitude. . | 


And this being done for every day in the four years, uſing the lonsi.. 
tudes already computed, will give the declinations ſought : which are to 
be ranged according to their year, month, and day. > To) 

282. To find the Sun's declination. Suppoſe on May 4, 1188, i 
noon. In the table of the Sun's declination (309) for 1788, againſt 
May 4, ſtands 16 14“ 13“ for the Sun's declination, which is N. as being 


2 


283. But if the declination was wanted on May 4, 1788 at J h. 2 5 
36. 5. M. proceed thus: | + #729, at 7h. 24m 


The difference between the noons of May 4 and 5, is 16” 597, which 
anſwers to 24h. Then 24 h.: 17 0%: 
proportional part. 


: 7 h. 24 m. 36ſ.: 5 15% the 


And as the declination is increaſing ; then 1614 13” +5 15% gives 
16˙ 19/ 28” for the Sun's decl. at the propoſed time. 

284. But Art. 311 is a table for finding the proportional part at ſight, 
for fitting the noon declination to any other time. Thus: 

Seek in the left-hand column for a daily difference, neareſt to the given 
one; againſt which, in a column marked at top with hours, neareſt to 
Thus againſt 17“ 0” of daily diff. and to 7 h. 24 m. time, ſtand 5 15), 
the proportional part ſought. | | 


Although this table goes no farther than 8 h. yet it may be applied 


quite to 12 h. or 180 degrees. 


285. Exam, What will be the Sun's declination at London, on the 25 
of Auguſt, 1,88, at 10h. 35m. P. M.? 


In 1788, the daily diff. between the noons of the 25th and the 26th of 


Auguſt is 20/ 587 decreaſing. 


| 0 
Now 10 h. 35 m. is equal to 2h. 35 m. 8 h. om. 6300 
Io the diff. 200 58”, and to 2 h. 35 m. anſwers 2” 167, (311) 
To the diff. 20” 58% and to 8 h. o m. anſwers 6 59”. 


The ſum 9' 15 is the proportional part, by which the decl. 10% 28 
29“ to Auguſt 25th, is to be diminiſhed ; fo 10* 19“ 14” is the decl, 


ſought. | | 
Here 20' 58”, is taken as if it was 21/ o'. 
And 2 h. 35 m. is 3, the interval between 2 h. 20 m. and 2 h. 40 m. 
Now 21/ gives 2/ 2“ for 2b 20, and 2 20“ for 2b 40/0; the diff. is 18% 


_ three-fourths of which is 14“: and this being added to 2/ 2“ gives 


2 16“ for 21“ with 2 35', Moreover 217 with 8 h. gives 5“ 00/'; but 
I take one ſecond leſs becauſe the daily diff. in declination is 2“ leſs 
than 217 oo”. | | 


286. From the table of declination, fitted to the meridian of Lon- 


don, or Greenwich, the declination may be found at any time, under 


850 other meridian, at a given difference of longitude from London. 
us : SN | 


Required 
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1 give | | | 7 
EA Required the Sun's declination at noon under a meridian 1 10% to the weſt 
—_ of London, on the 24th of February, 1788. 8 3 
309) (311.) Now at 110 to the weſt of London, it is noon 7h. 20 m. aſter 
8, at it is noon at London; that is, when it is 7h. 20m. P. M. at London, 
gainſt it will be noon at the propoſed place; ſo the declination found to that 
being time at London (285) will be the declination ſought. ON 
In 1788, the diff. between the declinations of the 24th and 25th of Fe- 
24 m. broary, is 227 13“ decreaſing (309) : and againſt 227 20% of daily diff. 
and under 1 105, or 7 h. 20m is & 49 in table, Art, 311, which taken 
hich from e 27” 33”. leaves 9* 200 44” the declination fought. 138 
) the | ; | LED 


Exam. II. Mpat is the Sun's declination on September 2d, 1788, at 
20h. 30 m. under a meridian : 00® to the eaſtward of London? | 


Nou under a meridian 1co* to the eaſtward of London, it is noon 6h. 
40m. before it is noon at London (311); or when it is noon at Lon- 
don, it is 6h. 40 m. after noon at the propoſed place; and when 2 h. 
30m. after noon at that place, it is 13h. 50 m. after noon at J ondon 3 
ſo the declination found at that time (285), will be the declination 
ſought. — 8 - | | | 

In 1788, the daily diff. at September 2d, is 22/ 6% (309), againſt 
which (in tab. Art. 311), and under 8 h. and 55 h. 50 m ſtand 7 21 and 
5 21”, their ſum 12/ 2“ taken from the decl to September 2, viz. 
7* 36' 39/ leaves 7 23 48” the declination ſought. | 
Here 5h. 50 m. fall in the middle between 5h 40 m. and 6h. om. fo 
521% the middle between 5' 12” and 5/ 30% is taken. 


287. VI. Tables of the Sun's right aſcenſion. ;. C28 


To the obliquity of the ecliptic, and each degree in the three firſt 
ſigns of longitude, find the right aſcenſions (139, and of each take 
the ſupplement. | — 

Range the right aſcenſions according to their ſign and degree for the 
three firſt ſigns; and for the three next ſigns, range the ſupplements fo 
that the 4th ſign begins with the leaſt ſupplement, and the 6th ſign ends 
with the greateſt : becauſe the right aſcenſions in the 2d and 4th 
quadrants are the ſupplements of thoſe in the firſt and third, 

Let the differences of theſe right aſcenſions, v:z. each adjacent two, 
through the fix ſigns be taken, and ſet in other columns. (307) 

Then this auxiliary table, uſed like that of declination, will give the 
right aſcenſion to each day in the four years. | 


288. To find the Sun's right aſcenſion, ſuppoſe on Fune 12 at noon, in the 
| year 1788, at Lonaon. 5 | 


In the table of the Sun's right aſcenſion (310) for 1788, againſt June 
12, ſtands 5h. 25m. 19ſ. which is the right aſcenſion ſought, and ſhews 
how much later the Sun paſſed the meridian of London than the equi- | 
noctial point Aries. SE | | | (| 

1 be | ExAM. 1 


3 
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Ex AM. II. Required the Sun's right aſcenſion at London on the 2d of 


November 1788, at ꝙ h. 30 m. P. M. 

Between the 2d and 3d of November, 1788, the daily diff. is 3m. 58. 
which anſwers to 24h. Then 24 h.: 3m. 581. : : gh. 30m. : 1m, 34ſ. 
che proportional part. _ | 

Then the right aſcenſion on the 2 d at noon, 14h. 33 m. 20 ſ. Im. 34. 
gives 14h. 34 m. 54 f. for the right aſcenſion at the time required, 

By this table the right aſcenſion may alſo be found at any time in places 
that are to the eaſtward or weſtward of London, the difference of longi- 


tude of thoſe places being known; by finding the time at London cor- 
reſponding to the given time at the propoſed place, and ſeeking the right 


aſcenſion to that correſponding time at London. 

The table at Art. 311, pages 222, 223, may be applied to the tables of 
the Sun's longitude and right aſcenſion, as well as to thoſe of the declina- 
tion, for finding the proportional parts of the difference between the noon 
of adjoining days, which ſhall anſwer to any intermediate hours. 


Thus in the Ex. page 296. To find the pro. pts. of 58” to 7h. 24m. 361, | 


Now th of 58“ is 14 30%; which falls between 14' 20% and 14/ 40”, 
And the time 7h. 24m. 36f. falls between 7h. 20m. and 7h. 40m. 


The mean of the equations under 7 h.-20m. and 7h. 40 m. and againſt 


14/ 20” and 124 40“, are 4' 26” and 4/ 38”, their diff. is 12“. 
And 20: 12: : 4,6 : 24 : and 4 20” +24 =4' 28z the pro. pts. to 3 


of 58”, : | 
Then the proportional parts to 58”, are 7 Ba”. 
Again. In the Exam. above. To 

57 f. as gh. 30 m. is to 24h. Ft go 
Here 3 m. 57. being taken as 4m. ; and 4 h. 40 m. as the half of gh. 30m. 

The equation is 47“; which doubled gives 1” 34” for the proportional 

parts required. _ | ; | . ay | 


289. VII. Of the right aſcenſions and declinations of the fixed 
| Stars. (312) 


This table, which contains 120 of the principal fixed ſtars, viz. 60 


having north declination, and 60 with ſouth declination, are fitted to the 
year 1780; and are ſelected partly from the catalogue which is, given in 
the Nautical Almanac for 1773, as deduced from Dr. Bradley's Obſer- 
vations; and partly from that given by M. de La Caille, which, he ſays, 
© are all derived from his own obſervations made, during ten years atten- 
te tion to this buſineſs, either at Paris, or at the Cape of Good Hope; 
<« that the poſitions are aſcertained with all the accuracy that could be de- 
ce rived from the modern Aſtronomy; and that he had all proper helps, 
« with regard to inſtruments, aſſiſtants, and convenience, and neither 
te care or pains were wanting to perfect the work. 

« The right aſcenſions were determined by a multitude of correſpond- 
“ ing altitudes of each, taken with a quadrant of three feet radius, to have 
ce their paſſage over the meridian with the greateſt exactneſs. Almoſt all 


ce the ſtars in the northern hemifphere have been compared with the 


“ bright ſtar in the Harp; and thoſe in the ſouthern hemiſphere, with 
« Syrius ; that is to ſay, on each day that the time of the ſtar's paſſing 
the meridian had been found by equal altitudes, that of à Lyræ and 
„ Syrius were found in like manner; the right aſcenſions of theſe 3 

| h | ars 


t the parts proportional to 3m, 


8 e „ man 
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« ſtats having been ſettled by a great many obſervations taken when 


d they were in the propereſt ſituation for this purpoſe. 


« The :declinations have been deduced from a ſufficient nuinder of 


a obſervations of their zenith diſtances, taken with an mne of ſix 


« feet radius, made with great care for this purpoſe,” “. 3 ok 
The table conſiſts of nine columns; that on the left hand contain the 
name of the conſtellation 3 the next ſhews in what part of the conſtefla- 
tion the ſtar is; in the 3d are the names by which Certain ſtars are diſ- 
tinguiſhed : the 4th column ſhews the Greek characters by which the 
far is marked in the cœteſtial charts, or maps of the conſtellations; the 
5th ſhe ws the magnitude of the ſtars; the 6th and 7th contaĩn theiright 
aſcenſion in time, reckoned from Aries, and the yearly variation might 
aſcenſion 3 ; the Bth and gth contain the declinations and the yearly varia- 
tion in declination where thoſe which are marked 4 are augmented by 


the yeatly variation; but thoſe which have the mark anne xed, are to be 


diminiſhed by the variation: by the help of itheſe' _ Variations, the 
right aſcenſions and. declinations of theſe: ſtars may be fitted for any 


diſtant year. 
Precepts for finding the culminating of tn ſt flars a are at Articles I 337. 134: 


290. „ 2 ables of the Equation of Ti me. 


In page 318 are three tables, Articles 313, 314, 315: Article 3¹˙3 is 
a table of the, Sun's, right aſcenſion in degrees, ta eac degree of longi- 
tude in the firſt quadrant of the ecliptic ; and Alſo the differences between 
thoſe longitudes and right aſcenſions. The table, 'Art, 314, contains the 
ſaid differences turned” into time (1 32), of minutes, ſeconds, and the 
tenth part of ' ſeconds ; the numbers in this table are the differences be- 


| Tween the mean and true fioons, ariſing from the obliquity of the ecliptic 


(267); and_the table, Art. 315, is nothing more than the equations of 
the center, table, Art. 305, converted into time; and are the differences 
det ween the times of the mean and true noons, arifing from the ecden- 
tricity of the Earth's orbit : theſe two equations of time, properly y put 


together, conſtitute another table, Art. 316, of the abſolute equation of 


time "_ relation to the place of the Sun a 


291, 'To conflrud the table 316, of the abſolute Equatioh f Time. 
" It, To the given time find the Sun's true place, or aſſume a place. 


2d. The difference between that place, and the place of oy apogee, 


gives the Sun's true anomaly, 


3d. From the true anoma]y find the mean. ww e (294) 


4th. In table I. 314, ſeek the equation of time to the Sun's 83 | 
th. In table II. 31 3 ſeek the equation of time to the mean ano- 
maly. 


6th. The ſum or difference of theſe chnations,” according as their 


titles or ſigns direct, will be the abſolute equAtfon of time to the un' S 
place found at firſt, offto the correſponding tie. | 

The tables, Articles 374, 315, are made 6ttly to whole! degrees of 14. 
gitude and anomaly; z tlie proportional parts of che Hifferences! are to be 
taken for minutes ox ſeconds, 1 whole degrees of the 5 Sun's 8 Jong g:tude 
= anomaly. 3 


— 
— 


302 | ASTRONOMY. Bock v. 
292. Ex AM. I. What is the Equation of Time, when the Sun's longitude 
7 22%” | TR 

4 table, Art. 316, againſt 12 in the outſide column, and under m, or 
7 f. ſtands—16 m. 12 f.; which ſhews that 16 m. 12ſ. is to be ſub. 
tracted from the apparent time; to give the mean time of apparent noon, 


Ir the time which ſhould be ſhewn by a good clock, when the Sun's 
center is on the meridian. | : 


243; Exam. II. What is the Equation of Time when the Sun's longitude 
is 4* 24 300 42"? x 85 : 


The difference between the equation in table, Art. 316, to 4 2 and | 


4* 25*, is 13? decreaſing ; and 3o' 42“ = 30, 7. | 
Then 607: 3-,7/ : : 13* : 6,65 or 7, the proportional part decreaſing, 
And 3 m. 46{.—71.=+3m. 39 ſ. the equation ſought. | 


So 24h. the apparent time of ſolar noon, increaſed by 3m, 39ſ. will 
give the mean time of noon. | a | 


| f the time was given, viz. the month, day, hour, &c. to find the Equation, 
To the given time find the Sun's longitude. 


| (278) 
Then to this longitude find the equation of time, as above. 10 


294. To find the mean anomaly from the true being given. 


S@LUTION. Say, As the ſquare root of the perihelion diſtance, 
| To the ſquare root of the aphelion diſtance ; 
So the tangent of half the true anomaly, 
And Io the tangent of half the eccentric anomaly, 
As radius, to the ſign of the eccentric anomaly, 
So the degrees inan arc equal in length to the eccen- 
1 | 
1 To the degrees, c. in the arc of correction. 
The correction added to the eccentric anomaly. gives the mean 
anomaly. | | * : 


295. REMARKS. iſt. The greateſt equation of the center being 
taken at 1 55/ 39/”, the eccentricity (249) will be 0,01682 ; the aphe- 
lion diſtance will be 1,01682, and the perihelion o, 983188. 

Hence the ratio of the ſquare root of the perihelion diſtance to the 
ſquare root of the aphelion diſtance will be expreſſed by the logarithm 
0,00731 ; which conſtant logarithm, added to the logarithmic tangent of 
2 the true anomaly, will give the logarithmic tangent of & the eccentric 
anomaly. | „ 


296. 2d. In the 2d proportion, the arc equal to the length of the ec- 
centricity 1682 is a conſtant quantity. | 

Now the radius, or mean diſtance, is equal to the length of an arc 
of 57% 29578 (249); then 100000 : 1682 : : 57,9578: 0 96375, the 
length of the eccentricity in degrees; the conſtant logarithm of which is 
9,98 396, which added to the logarithmic fine of the eccentric anomaly, 
abating 10 in the index of the ſum, gives the logarithm of an arc, the de- 


grees, minutes, and ſeconds of which being added to the eccentric ano- 
maly, give the mean anomaly. 
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ok V. ASTRONOMY. 


297. IX. Table of Correfions for the middle time between equal 
altitudes of the Sun. Art. 317. „„ 


Tus table, which is fitted to the latitudes of 307, 40, 50 and 609, 
will alſo ſerve, nearly, to all latitudes between 25 and 65; by entering 
the table with the neareſt latitude to that given, and the given declination 
in degrees. It is conſtructed by Art. 216. 


ExAM. I. In latitude 50 N. when the Sun's declination is 16 N. and 
the interval between the morning and afternoon obſervation is 5 hours : What 
correction muſt be applied to the middle time, to give the time of apparent 


mon? | 


In the table, Art. 317 againſt 16? of declination taken in the outſide 
column, and under 50 latitude, and 5 hours, with N. declination, ſtand 
12 ſeconds 3 which 12 ſ. applied to the middle time between the obſerva- 
tions, give the time when the Sun was on the meridian. | 


The correction is applied to the middle time by the precepts at the 
bottom of the table. 5 


298. Exam. II. In latitude 50 NM. on November 16th, 1761, obſerva- 
tions at equal altitudes of the Sun were taken at the following times ſhewn by 
« click, the equal altitude inſtrument having three horizontal wires. . 


| Morning obſervations. EE. Afternoon obſervations. 
© preceding limb © following limb © preceding limb © following limb 
p abmgy” e > 46> 4355 500k 
* 2 „ 12 „ mw 
» 445 9 43 30 "3% 5 2 1 20; 
gh oh Tah im 202” + 12h - 
Now 2 — 25 - 5 =11k 45® 7] 
61 282 : the mean =I ih 45 
22 49; — 57 282 1 45 72 7,6” by tbe preced- ; 
g9 36 444 +1 53 30Z +12 8 
OY 2 . K 
Again 2-35 212 2 . ens: as 


| the mean=1 z® 45% 
=11 45 8; — * the following 


=11 45 6⁴ 


92 32 23% +1 50 $33 +12 


2 
9 43 30 +140 43x +!2 
| 2 


The mean time of obſervation from both limbs is 11 h. 45 m. 7758f. 
The declination on the day of obſervation is 190 S. nearly; the interval 
between the obſervations is about 4 hours; and theſe give + 14 ſeconds 
for the correction of the middle time. | | 
So the Sun was on the meridian when the clock ſhewed 11 h. 45m. 21,8 f. 
The Sun's place, at that time, was 7* 24 26 40 nem, 
In table 316, to 7 24 the tabular difference is 12*, decreaſing. 
x 


Then 


1 
| 


Then 60' : 26,75“: : 12 f.. 5,25 .; and + 14 m. 56ſ.— 51, =, 
14 m. 5931. which is the equation of time: hence 11 h. 45 m. 2158. 
14 m. 50, 6ſ. 12h. om. 12,44. | 

Which ſhews that the clock was 12f. nearly, too faſt. 


299. . 9; ables of Refrafion and of the Sun's parallax. (318,319) 


' Thefe tables are the reſult of the experience of ſome of the moſt emi. 
nent Aſtronomers. By the refraction of the atmoſphere, objects appear 
more elevated than they really are, and therefore the apparent altitude is 
to be diminiſhed by the refraction, which is greateſt near the horizon, 
and gradually diminiſhes towards the zenith, where there is no refraction. 
The parallax in altitude is the difference between the altitude of an ob- 
ject, as ſeen from the center and ſurface of the Earth, that from the center 
being the true altitude, and the greateſt, except at the zenith, where pa. 
rallax vaniſhes ; therefore the apparent altitude 1s to be augmented by the 
parallax. TT 3 Ew. 


Exam. The Sun's apparent altitude was obſerved to be 18˙ 34' 48: 
What was his true altitude 7 


Apparent altitude 18* 34” 48” J Refraction 2 47” — 

Correction is — 2-38 ©-5 Parallax. 9 +. 
i | * . — 3 . | y | . | 

Sun's true altitude 18 32 10 


— 
„. 
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m. AST RON OMICAL TABLES, 

r e | 5 „ 3 

e is 5 7 Re A 1 h 

zon, Fitted, in general, to the meridian of GREENWICH. 

ion, | 

ob. | | 

Nter | | | Art, 

pa- ]. Mean motions of the Sun and Apogee for years. | (30) 

the II. Mean motions of the Sun and Apogee for radical years. (302 
III. Mean motions of the Sun for hours, minutes, and ſeconds. (303) 

IV. Mean motions of the Sun and Apogee for months and days. 304) 

V. Equations of the Sun's center. | : (305 
VI. Sun's declination to ſigns and degrees. | (306) , 
VII. Sun's right aſcenſion in time to ſigns and degrees. (307) * 


VIII. Sun's declination to each day for the years 1796, 1797, 


1798, and 1799. | 308) 
IX, Sun's 3 — * day for the years 1800, 1801, 1802, ) 
| and 1803. Sp „ [.309) 
X. Sun's declination to each day for the years 1804, 1805, 1806, 
= and 1807. Gs | (310) 
XI. To fit the tables VIII. IX. X. to any meridian. (311) 
XII. Right aſcenſions and declinations to 120 fixed ſtars. (312) 
XIII. Sun's right aſcenſion in degrees, &c. to ſigns and de- 
grees of longitude. . 3 
XIV. Equation of time on the obliquity of the ecliptie. (314) 
XV. Equation of time on the eccentricity of the Earth's orbit. (315 
XVI. Abſolute equation of time, to the Sun's longitude. (316 


XVII. Correction of the middle time between equal altitudes, (317) 
XVIII. Correction of altitude for refractions. | 


XIX. Correction of the Sun's altitude for his parallax, (319) 
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STaxs in the Northern Hemiſphere ; for the Year 1780. 


Rt. Aſcen- 


| - =] Vear · Declinat.| Ye 
7 ; e . ar] 
Conſtellations. e e ee ch Names. 88 5 reg Ts North. 284 
— — „ ee 4 2 „„ 2 | 
[Ending of the Wing 7 2.9. 1 59 
Breaſt | Schedar a| 3] 0 28 8|: 
[Alruccabah 2 2 0 47 43 
Girdle Mirach 3 21 0 57 29 
Preceding Horn 4 3] 1 42 32 
Foot {Almaach 2. 2} 1 50 29 
Following Horn 4 3 1 54 49 3,34|22 24 52017, 644 
Following in the Check ag „ 3] 2 31 56| 3,12; 2 17 59|15,86+ 
ſaw Menkar 4 2 2 50 483,13 3 12 5614,80 
Head Alęgol 6 2} 2 52 56 3485140 5 37114,63+ 
Brighteſt Algenib 423 8 43/ 4920149 3 4413,72 
Brighteſt in Pleiades 1 3 3 34 273 55123 24 38/2, 04 
E nee £| 3] 3 43 08 3,9438 21 2411,41 
Firſt of the Hyazcs „ 31 4 718 3,395 4 51] 9,60+ 
|Northein Eye 34 15 48 3,4818 40 32] 8,90+ 
Southern Eye Aldebaran a 14 23 19] 3343116 3 6} $,32+ 
In the Goat Capella aj 15 0 28/ 4,4045 44 453] 5, 30 
Northern Horn 15 6.25 12 24 $975|28 24 13] 4.264 
Weſt Shoulder Bellatrix „25 13 21] 3,226 8 24.1 5+ 
Eaſt Shoulder Betelgueſe a} 1! 5 43 16| 3,25| 7 20 56 
In the Hand 6 3] 5 44 43 4,0937 10 36 1,40 
Foot of Pollux „3 6 25 oc| 3,4716 34 9 2,10— 
Knee of Pollux C1 31 6 5x 3] 3.58020 52 31] 4,33— 
Brighteſt in the Head Caſtor 27 20 32 3,85132 21 8 6,78— 
Brighteſt | Procyon a| 1| 7 27 48] 3,2C| 5 46 56] 7,40 
Head of Pollux Pollux 8 2! 7 31 51] 3.75/28 32 29 7,70— 
Great Bear North Paw  ' 38 44 4&4j 4525148 53 29.13.00 
'Cancer In the Claw 3 a; 38 46 27 324/12 41 50/13,30— 
Great Bear Preceding Knee | 9| 319 18 5| 4,2:j52 40 21]15,18—| 
[Leo North in the Head 232.4 13 37 7 _1_58]16,33—| 
| In the Heart Regulus a | 19 56 39 3,2413 2 6 17,16— 
Great Bear Lower Pointer 8 210 48 27 3,7457 33 25119,05— 
6 | Upper Pointer Dubhe a 210 50 of 3,8862 56 o5119,09— 
= in the Tail 66 2111 37 50/3, 0015 48 8[lg,95—f 
'Great Bear |S following in the Square „ | 2111 42 10] 3,2454 55 4 19,99—| 
| Laſt in the Square | T| 2112 4 27 3705/58 15 25[20,05— 
| Firſt in the Tail Alioth £ | 2112 44 17 2,6957 9 25|19,69—| 
| Middle of the Tail | C213 15 22,4456 4 46|19,01=f 
Laft in the Tail Benetnach n 2113 38 52 2,4150 25 03 18,24— 
Dragon In the Tail 4144 213 58 27 1,6365 25 54ʃ17,46— 
Bootes Skirt of the Coat Arcturus « 114 5 40 2, 8220 20 3917, 16— 
| In the following Thigh |Mirach £ | 3114 35 28256328 © 37|15,67— 
[Crown The brighteſt  _{Aiphacca a | 2115 25 2302, 5427 28 00/12, 60— 
Serpent In the Neck | a 2015 33 27] 2294 7 7 48112,03— 
Hercules Preceding Shoulder Bj 3j16 20 482,51 58 52] 8,51— 
* Following at the Side | 316 51 82 2,2931 15 43] 5,96 
The Head f Raſ. Algethi {aj 207 4 38] 2,7414 39 18| 4,87— 
Ophiucus The Head Raf. Alhague 4 2117 24 43| 275112 44 8$] 3-15— 
Dragon In the Read Raſtabes + | 2j17 51 31| 1,3751 31 21 0,78— 
Harp The brighteſt Vega 4 1j1$ 29 29] 2,0238 35 14 2,52+ 
; Following in Lozange 9 3118 46 492, 11036 37 48] 3,97 7 
Eagle Preceding Wing | 9 319 14 24/ 3,02 2 41 22 OLED 
1 {The brighteſt Atair « | 2119 40 o2| 2,99] 8 17 53] 8, 40 7 
Swan The Breaſt h „320 14 20] 2, 16039 33 43/11, 0-4 
The Tail Deneb 4 2020 33 56| 2,0544 30 7112,44+ 
Cepheus preceding Shoulder Alderaimin [a 321 13 19 1,4461 39 3214,97 
Pegaſus The Neck L 3.2 30 29| 2,99 9 41 18118,46+ 
The Thigh cheat B| 4022 53 82,8826 53 32 19,18+ l 
| The Whig Markab 4 2122 9 2,980 14 1 30079, 20 
Andromeda The Head 412 | 3 
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ö . # . =|Rt.Aiſcen.\Yeare, Declinat.| Yearly 
x Places of the Stars in the Fant © 8 . 
dena. Conftellations. Hg 15 age bor | Aa Ns 
Phenix The Head 3 |=] 2] 0 15 22 3,0143 29 43 2, 
Whale | Brighteſt in the Tail 6 2]o 32 3 301 19 11 50[19,86—| 
Phenix Thigh 5 81 3] 56 15 2,7347 54 3809,46 
Following Wing 7361 18 49] 2,6744 26 528,90 
Eridanus Source of the River K 1] 1 29 31] 2,2558 21 35118, 56— 
Whale Preceding Jaw $| 3] 2 28 13] 3-07] © 37 80 9 
FEridanus Near the Whale C| 3] 3 5 10 2,91] 9 38 5513,92 
| The following F| 3] 3 32 2,88110 31 3 12,08—| 5 
| The fourth Bend Y | 3] 3 47 46] 2,30114 8 471t1,01— 
Goldfiſh - In the Tail «| 3] 4 29 rs 1,2855 30 20 7,76— 
Orion Bright Foot 665 3 53] 2,89 8 28 11 4 94—ff 
| | [Preceding in Belt . 5 20 47 3307] o 28 4c 3»50—| 
ves {Middle of Belt e| 21 5 25 4| 3,05] 1 21 3o| 3,13— 
| Laſt in the Belt C| 2] 5 29 41] 3,042 4 27] 2,77— 
Dove Preceding of the brighteſt 14] 2 5 31 43] 2920134 12 6/2, 56— 
Orion In the Knee „35 37 20] 2,859 45 35] 2,10 
Dove Following of brighteſt 635 43 23] 2»T1]35 51 51] 1,65— 
Argo The brighteſt & |_1] 6 19 5 12342 34 57] 1,60+ 
\ [Great Dog The brighteſt «| 1] 6 35 28] 2,69116 25 8 3,10+ 
—{In the Back 9 2] 6 59 27] 2-45]26 3 37] 884 
In the Tail n| 2} 7 15 24] 2,38]28 53 JJ 6,42+ 
Argo Ila the Poop C| 2] 7 55 52] 212139 23 280 9,62+ 
| Preceding in the Hull | 2] 8 2 46| 1,85]46 41 4oſto,16+ 
Brighteſt in the Middle T | 2] 38 36| 1,61153 54 24112,73+ 
| | Bright among the Oars 19] 2] 9 10 44/0, 7568 48 5c114,79+ 
Female HydraſThe Heart * |. 2] 9 16 47 2,96| 7 42 51 18•63 J 
Argo No thern in Section 1210 36 34/2, 2758 31 5918,68 
Centaur [Preceding in the Crupper 5 31 57 3] 3,0649 29 400, 4 
Croſs Preceding Arm | T| 3j12 3 35] 310157 31 3120,04+ 
| The Foot & | 1112 14 33] 322161 52 4$[20,01+ 
b Tre Head y | 2112 19 4/ 3324155 52 42[19,98 + 
Centaur Top of the Crupper 72012 29 30 3,2747 44 50.19, 897 
croſs Following Arm B| 2012 35 23,4258 29 319,83 ＋ 
female Hydra [The Tail © | | 3113 7 oc] 3,2222 © 22119,22+ 
Virgo The Sheaf Virgins Spike 4 1013 13 33j 3,1010 © 24119,00+ 
—. Preceding Leg 5 2113 43 39] 4209159 17 59117,91+ 
South in the Shield ("| 3114 21 37] 3,75]41 10 42116,43+ 
Bright in the Foot «| 1114 25 2] 4441159 55 17116,26+ 
[Libra Southern Scale a | 2114 38 45 3-3 15 6 55/5, 50 ＋ 
Fcentaur Following in the Head % | 31:4 44 56| 3,8441 12 210(15,17＋7 
Libra Northern Scale | Bl 2 5 T2] 3,22 8 33 3113,93 71 
Southern & The Vertex B | 3115 35 56] 5,1252 43 3111,88 
Scorpio Middie of the Forehead T | 31:5 47 21] 3531 58 4211,00+ 
N. in the Forchead 6 2 $2 41] 3,47]19 11 14110,70+ 
Ophiucus Preceding Hand 24 2 50 3,1403 6 45] 989 ＋ 
Scorpio The Heart a2 1 15 57] 3-66 5 55 32] 8,90 
Firſt Joint in the Tail 316 35 583] 3,9033 52 21] 7,34 ＋ 
Jophiucus Following Knee „216 57 47] 344|15 26 14] 5,52+ 
Altar In the Middle 44 3117 14 52] 4,61% 40 36] 4,12+ 
Scorpio Bright at Tail's End N 3117 18 42] 4.08036 55 220 $,77+ 
| Sixth Knot in the Tail « | 3117 32 13] 4,1840 1 7] 2,60+ 
Sagittarius IS. End of the Bow e 2 9 35] 400134 27 58| 0, 72— 
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Aquarius Following Arm 713 
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3 16. Ta BLE of the Abſolute Equation of Time, fitted tg 


each Sign and Degree of the Ecliptic. 


Place of the Apogee S 99. Obliquity of Ecliptic 235 28. 


FT oy III 20] 34 5 61111, 70 8 90% 100% 5 
+ —| — |—- +| + + —-|-|-|-# +| + |} 
* jm. f.ſm. ſ.ſm. ſ.ſm. ſ. m. f.jm. ſ.ſm. fſ.ſm. ſ.]Jm. ſ. m. ſ.jſm. ſ. m. f. 
7 360 x 9 3 510 x 13 5 57 2 200 7 38/15 31113 33] 1 1111 28014 19] 8 
7 17] 1 23] 3 47] 1 260 5 59] 2 4| 7 58115 39}13 17] 0 42j11 45/14 1301 
6 58| 1 36] 3 41] 1 6 of 1 483] 8 1915 46j13 — 12012 1114 6| 2 
6 39 1 48] 3 37] 1 6 1 1 31] $ 40{15 52112 42|+ 17/12 17113 59] 3 
6 20] 2 of 3 32] 2 6 11 14] 9 1/15 57/12 23] 0 46/12 32/13 51] 4 
6 1 2 11] 3 26| 2 6 of o 569 21j16 2j12 4| 1 16/12 46013 43} 5 
5 42| 2 22 3 19] 2 33 5 59] © 33] 9 41116 6/11 44] 1 45/2 59113 34] 6 
5 24 2 32] 3 12] 2 49] 5 57] © 20010 1116 9011 23] 2 14113 12013 247 
5 5] 2 42] 3 4] 2 58] 5 54|+ 1/70 20j16 11111 1 2 43/13 24113 14/8 
4 47] 2 51] 2 56þ 3 21] 5 5— 18110 39116 13/10 39] 3 11113 35/13 3| 9 
4 28] 3 o| 2 47] 3 23] 5 47] 0 37/10 57/16 13010 16] 3 39113 45/12 51|10fF. 
4 93 8 2 38] 3 35] 5 42] © 57/11 15/16 13] 9 53] 4 7113 54012 39111 
3593 16| 2 29] 3 46| 5 37] 1 17]11 33116 12] f 29] 4 35114 2112 2712 
3 32| 3 23] 2 19 3 58| 5 37] 1 38011 51/16 1009 s| 5 2114 9/12 14113 
3 13} 3 3o|] 2 8] 4 9| 5 24| 1 580/12 8116 7] 8 40] 5 29/14 16012 of14f 
2 55 3 36} 1 57] 4 19 5 17] 2 19112 25116 4 8 14] 5 56/4 22111 46075 
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— — —— — 


The equations with +, are to be added to the apparent time, to have 
the mean time; thoſe with —, are to be ſubtracted from apparent for 
mean time. f | | 


The preceding mark, whether + or —, at the head of any column, be- 
longs to all equations in that column until the ſign changes; and thoſe 
columns having two ſigns at the head, ſhew that the preceding figa 


changes to the following ſomewhere in that column. 
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317. TABLE of Corrections for the Middle Time between th 
Equal Altitudes of the Sun. 
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SECTION I. 


9 * 


Definitions and Principles. 
EOGRAPHY is the art of deſcribing the figure, magnicude, 
and poſitions of the ſeveral parts of the ſurface of the Earth, 
he EARTH is a ſpherical or globular figure *, and is uſually called 

the terraqueous globe, | oe | 

3. There are two points on the ſurface of the terraqueous globe, called 

the PoLEs oF THE EARTH, which are diametrically oppoſite to one an- 

other: one is called the north pole, and the other the. ſouth pole, 


* 2 


—_— 
> of 2 


* For in ſhips at ſea the firſt parts of them that become viſible are the up- 
per ſails ; and as they approach nearer, the lower fails appear; and ſo on until 
they ſhew their hulls, ; 

Alſo ſhips in ſailing from high capes, or head lands, loſe ſight of thoſe emi- 

tences gradually from the lower parts, until the top vaniſhes. _ - 

X _ as theſe appearances are the objects of our ſenſes in all parts of the 
arth, | 
Therefore the ſurface of the Earth muſt be convex. 5 
And this convexity is, at ſea, obſerved to be every where uniform. : 
But a body, the ſurface of which is every where uniformly convex, is a globe; 
Therefore the figure of the Earih is globular. . | 

Vox. I. Aa In 
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In * to deſcribe the poſitions of places, Geographers have "DEE" it 
neceſſary to imagine certain circles drawn on the ſurface of the Earth, to 


which they have given the names of Equator, Meridian, Horizon, Pa- 


rallels of latitude, c. 


4. The EqQuarTor is a great circle on the Earth, equally diſtant from 
each pole, dividing the terraqueous globe into two equal parts; one called 
the northern hemiſphere, in which is the north pole; and the other, con- 
taining the ſouth pole, is called the foutherni hemiſphere. 


. MERIDIANs are imaginary circles on the Earth paſſing through 


both the poles, and cutting the equator at right angles. 


8 Every point on the ſurface of the Earth has its proper meridian. 


- 6. LATITUDE is the diſtance of a place from the equator, reckoned 


in degrees and parts of degrees on a meridian, 


On the north ſide of the equator it is north latitude 3 __ on the ſouth 
ſide it is ſouth latitude. 

As latitude begins at the equator, vn it ts nothing ; 5 : ſo ic ends at the 
poles, where the latitude is greateſt, or 90 degrees. | 

7. PARALLELS OF LATITUDE are circles parallel to the equator, 

Every place on the Earth has its parallel of latitude. 

DIFFERENCE oF LATITUDE is an arc of a meridian, or the leaſt di 
tance of the parallels of latitude of two places ; ſhewing how far one of 
them is to the northward or ſouthward of the other. 

The difference of latitude can never exceed 180 degrees, 

8. In north latitudes, if about the middle of the months of March and 
September a perſon looks toward the Sun at noon, the ſouth is before 
him, the north behind, the weſt on the right hand, and the eaſt on the 
left: and in ſouth latitudes, if the face is turned toward the Sun at the 
ſame times, the north is before, the ſouth behind, the eaſt to the right, 
and the volt e on the left. 


In latitudes greater than 23+ degrees, theſe poſitions, found at noon, will 


hold good on any day of the year. 


. LonGtTuDE of any place on the Earth is expreſſed by an arc of 
the equator, ſhewing the eaſt or weſt diſtance of the meridian of that. 
place from ſome fixed meridian, where longitude is reckoned to begin. 

10. DIFFERENCE of LONGITUDE is an arc of the equator, inter- 
cepted between the meridians of two places, ſhewing how far one of them 
is to the eaſtward or weſtward of the other. 

As longitude begins at the meridian of ſome place, and is counted frog 

: thence both eaſtward and weſtward, till they meet at the ſame meridia 
on the oppoſite point of the equator z therefore the difference of longitude 
can never exceed 180 degrees. 

11. When two places have latitudes both north or both ſouth; or have 
longitudes both eaſt or both weſt, they are ſaid to be of the ſame or of 
like name : but when one has north latitude and the other ſouth; or if 
one has eaſt longitude and the other welt, then they are ſaid to have con- 
trary, or different, or unlike names. 

12. The HoR1ZoN is that apparent circle which limits or bounds 
the view of a ſpectator on the ſea, or on an extended plain ; the eye of the 
4 88 m— 8888 ſuppoſed in * © center of his horizons | 


| When 


7 - 
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When the Planets or Stars come above the eaſtern part of the horizon, 
they are ſaid to riſe ; and when they deſcend below the weſtern part, they 
are ſaid to ſet, Eos en 5 TS 

When a ſhip is on the equator, both the poles appear in the horizon 
and in proportion as ſhe fails toward either, or increaſes her latitude, 
that pole is, ſeen proportionally higher above the horizon, and the other 
diſappears as much: but when a ſhip is failing toward the equator, or 
decreaſes her latitude, ſhe depreſſes the elevated pole; that is, its diitance 
from the horizon decreaſes. | | 


l 


| Of the diviſion of the Earth into Zones, 
13. A ZoXE is a broad ſpace on the Earth, included between two pa- 


tallels of latitude, + | 


* 


There are five zones: namely, one Torrid, two Frigid, and two Tem- 
berate; theſe names ariſe from the degree of heat of cold, to which their 
ſituations are liable. 8 5 
14. The ToRRID Zo is that portion of the Earth, over every part 
of which the Sun is perpendicular at one time of the year or other. 

This Zone is about 47 degrees in breadth, extending to about 235 de- 
grees on each ſide of the equator ; the parallel of latitude, termin.ting the 
limits in the northern hemiſphere, is called the Tropic of Cancer ; and in 
the ſouthern. hemiſphere; the limiting parallel is called the Tropic of Ca- 
Rinn,, . 2 : 

0 15. The FRICID Zoxts are thoſe regions about the poles, where the 


dun does not riſe for ſome days, nor ſet for ſome days, of the year. 


Theſe zones extend round the poles to the diſtauce of about 231 de- 
grees: that in the northern hemiſphere is called the north frigid zone, 
and is bounded by a parallel of latitude, called the Arctic polar circle : and 
the other, in the. fouthern hemiſphere, the ſouth frigid zone; the parallel 
of latitude bounding it, being called the Antar#ic polar circle. 

16. The TEMPERATE ZoNEs are the ſpaces between the Torrid. 
and the Frigid zones. 


5 of the diviſion of the Earth by Climates, 


17. A CLIMATE, in a geographical ſenſe, is that ſpace of the Earth | 
contained between two parallels of latitude, when the difterence between 


the longeſt day in each parallel is half an hour. 


Theſe climates are narrower the farther they are from the equator 
therefore, ſuppoſing the equator to be the beginning of the firſt chmate, 
the polar circle will be the end of the 24th climate ; for afterward the 
longeſt day does not increaſe by half hours, but by days and months, | 
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: Gerlo... 
Of the Natural diviſion of the Eartb. 


18. By the natural diviſion of the Earth is meant the parts on its fur. 
face formed by nature; ſuch as Continents, Oceaip, Iſands, Seas, Rivers, 
Mountains, &c. gs Th N | 
The ſurface of the Earth is naturally divided into Land and Water. 


| 1. Continents. ..- 4. Iſthmuſes. 
Land is divided into *. Hands. 5. Promontaries, 
| 3. Peninſu aas. 6. Mountains, 
| I, Oceans, | 4. Straits. i; 
Water is divided into} 2. Seas, „„ 
| 3. Gulphs, 6. Rivers. 


19. A CoxTINENT, or, as it is frequently called, the main land, is a 
very large track, comprehending ſeveral contiguous Countries, King- 
doms, and States. | 5 „„ 5 
20. An OCEAN is a vaſt collection of ſalt water, ſeparating the conti- 
nents from one another. 74 3 
21. An IsLANp is a part of dry land, ſurrounded with water. 
22. A SEA is a branch of the Ocean, flowing between ſome parts of 
the Continent, or ſeparating an Iſland from the Continent. 5 
23. A PENINSULA is a part of dry land encompaſſed by water, except 
a narrow neck which joins it to ſome other land. ER 
24. An IsTHMUS is the neck joining the peninſula to the. adjacent 
land, and forms the paſſage between them. | 
25. A MoUNTAinN is a part of the land more elevated than the adjacent 
2 1 and to be ſeen at a greater diſtance than the neighbouring lower 
26. A PROMONTORY is a mountain ſtretching itſelf into the ſea; the 
__ extremity of which is called a Cape, or Head-land. - | 
27. A HILL is a ſmall kind of mountain: A Cliff is a ſteep ſhore, hill, 
or mountain: And Recks are great ſtones, riſing like hills above the dry 
land, or above the bottom of the ſea. 8 | | 3 
228. A GULF, or Bay, is a part of the Ocean, or Sea, contained be- 
tween two ſhores: and is every where environed with land, except at its 
entrance, where it communicates with other Bays, Seas, or Oceans. 
29. A STRAIT is a narrow paſſage, by which there is a communication 
between a Gulf and its neighbouring ſea, or which joins one part of the 
. fea, or ocean, with another. | 7 For, 
30. ALAEk is a collection of Waters contained in ſome hollow or 
cavity, in an inland place, of a large extent, and every where ſurrounded 
with Jand, having no viſible communication with the Ocean. yy 
31. RIvERs are ſtreams of Water, flowing chiefly from the Moun- 
tains, and running in long narrow channels or cavities through the land, 
till they fall into the ſea, or into other rivers, which at laſt run into the 
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32. There are generally reckoned four Continents, namely, EvRork, 
As IA, AFRICA, and AMERICA, | | | | 


To theſe may be added the Terra arfica, or northern continent, and 
the Terra antartica, or lands detached from Aſia, towards the ſouth. 


The continent of America is uſually divided into two parts, called North 
and South America ; they are joined together by the /thmus of Darien. 
Alſo the continents of Aa and Africa are joined together by the {hmus 
of F Ae. | ; | 9 1 : | 


The Terre erfiita, Europe, and Aſia, lie all within the northern hemi= 


ſphere ; and alſo part of Africa and America: The other parts of theſe | 


two continents, together with the Terra antarctica, lie in the ſouthern 
hemiſphere. '* 783 | DS 


33. There are five Oceans, namely, the NoxTHERN, the ATLAN= 
ric, the PAciric, the INDIAN, ene SOUTHERN, 


The Atlantic ocean is uſually divided into two parts, one called the 
north Atlantic ocean, and the other the ſouth Atlantic, or Ethiopic ocean. 


The Northern ocean ſtretches to the northward of Europe, Aſia, and 
America, toward the north pole. | 


The Atlantic ocean lies between the continents of Europe and Africa 


en the eaſt, and America on the weſt. 8 


That part of the north Atlantic ocean, lying between Europe and 
America, is frequently called the J/e/tern ocean. 


The Pacific ocean, or, as it is ſometimes called, the South Sea, is bounded 
by the weſtern and north-weſt ſhores of America, and by the eaſtern and 


north-eaſt ſhores of Aſia, 


The Indian ocean waſhes the ſhores of the eaſtern coaſts of Africa, and 
the ſouth of Aſia ; and is bounded on the eaſt by the Indian iſlands, New 
Holland, and New Zeeland, s | | 


The Southern ocean extends to the ſouthward of Africa and America 


toward the ſouth pole, 


The northern and ſouthern eontinents not being ſufficiently known to 
Geographers, all that need be ſaid of them is, that the Terra Arctica, or 
land to the northward of Hudſon's Bay and Greenland, is in general too 
cold for the reſidence of mankind ; and that the lands formerly ſuppoſed 
to be parts of the ſouthern continent; are found to be very large iſlands : 
viz, New Zeeland is much larger than Great Britain, and has a ſtrait di- 
viding it into two iſlands. New Holland is an iſland as large as Europe. 
New Guinea is a very large iſland; and New Britain is a cluſter of large 
and ſmall iſlands, and are thought by ſome to be the iſlands hitherto called 
the Solomon's iſlands, PR | MM 
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Of the Political diviſion of the Earth, 

24. By the political diviſion of the Earth is, meant the different 
Countries, Empires, Kingdoms, States, and other denominations eſta. 
bliſhed by men, either from the ambition. of tyrants, or for the ſake of 
good government. | | : 3 ) 5 
3 | LD EUROPE: | 

Europe is bounded on the north by the northern, or frozen, ocean; on 
the eaſt by Aſia ; on the ſouth by the Mediterranean Sea, ſeparating 
Europe from Africa; and. by the north Atlantic, or weſtern ocean, on 
the weſt. It lies between the latitudes of 36 and 72 degrees of north 
latitude ; and between the longitudes of 10 degrees weſt, and 65 degrees 
eaſt from London; is about 3000 miles long, reckoning from the N. E. 
to the S. W. and about 2500 miles brodddſſee. 
235. The countries, their poſition with regard to the middle parts of 
Europe, the chief cities, principal rivers, with their courſes, and the moſt 
noted mountains, and what quarter of the country they are in, are ex- 
hibited in the following table; where E. ſtands for empire, K. for king- 
dom, R. for republic, Nd. for northward, &c. 


Ty INN 


| Countries. Poſition. Chief Cities. Rivers. Courſe, | Mountains. 
* C — "DOES 
E. Turkey S. E. Conſtantinople Danube E. [Argentum Nd. 
E. Poland Mid. Warſaw:- Viſtula N. N. W. Carpathian Sd. 
E. Muſcovy N. E. \ Moſcow Volga E. to S. Boglowy Sd. 
E. Ruſſia 11 1 Peterſburg Neiper S. [Riphean Wd. 
K. Sweden | N. Stockholm Dalecarlia E. Dofrine Wd, 
K. Norway N. N. W. Bergen iGlama S. Dofrine Ed. 
F. Denmark N. W. * Eyder 1 ö 
K. Hungary { Mid. Preſburg Danube | S. E. Carpathian Nd. 
E. Germany { Mid. Vienua Danude E. Alp 8d. 
ua 2 | lene Po E. Alps Nd. 
2 wid 7 Tyber -- S. [Apennine Mid. 
R. Switzerland | Mid. Bern Khine W. Alps dd. 
Netherlands W. Bruſſels Maze | 
R. Holland { W. {Amſterdam Rhine N. N. W.] a a, 
1 5 Loire N. to W. Pyrenees S. W. 
K. France N W. Paris ; 0 W 8. Alps Ed 
K. Spain s. W. Madrid Tagus {| W. Pyrenees N. E. 
K. Portugal {| S. W. Liſoon [Tagus W. [C. Rocca W. 
K. England { W. London Thames E. [Malvern N. W. 
K. Scotland W. Edinburgh forth | E. [Grampian Nd. 
K. Ireland W. Dublin Shannon S. W. IK nockpatric W! 


There are in Europe four Kingdoms, beſide thoſe enumerated above; 
but they are contained in the forenamed Countries. | 

The Kingdom of Pruffia, which is part of Poland; the King's reſi- 
derce iSut Berlin, a city in Germany. | > 
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The Kingdom of Bohemia, a part of Germany; the chief city is Prague. 
The Kingdom of Sardinia, an Italian .iſland; the King reſides at 


Turin, a city in Italy. 


The Kingdom of the Sicilies, appending to Italy; the King reſides at 
Naples, a city in Italy. | 

In ſome of the forenamed countries are ſeveral dominions independent 
one of the other; particularly in Germany and Italy. 

The principal States in Germany are the following 12; where D. ſtands 
for duchy, El. for electorate, P. for principality: 


States D. Auſtria |] K. Bohemia | El. Bavaria | El. Brandenburg 


Ch. cities] Vienna Prague Munich Berlin 
States | El. Saxony | El. Hanover | El. Palatine El. Mentz, * 
Ch.cities | Dreſden Hanover Manheim Mentz 
States | El. Triers | El. Cologne | P. Heſſe Caflel D. Wurtemburg 
Ch. cities Triers Cologne Dai 5 Stutgard 


The principal States in Italy are the following 12: 
States | D. Savoy | P. Piedmont | D. Milaneſe | D. Parmeſan 


Ch.cities | Chamberry Turin Milan Parma 
States D. Modeneſe | D. Mantuan | R. Venice | R. Genoa 
Ch.cities | Modena Mantua Venice Genoa 
States D. Tuſcany | Patriarchate | R. Lucca. | K. Naples 
Ch. cities] Florence | Rome Lucca Naples 


36. The principal Seas, Gulfs, and Bays in Europe, are 
The Mediterranean Sea, having Europe on the N. and Africa on the S. 
The Adriatic Sea, between Italy and Turkey. 
The Euxine, or Black Sea, in Turkey, between Europe and Aſia. 
The White Sea, in the N. N. W. parts of Muſcovy. 
The Baltic Sea, between Sweden, Denmark, and Poland. 
The German Ocean, or Sea, between Germany and Britain. 
The Engliſb Channel, between England and France. 
St. George's Channel, between Britain and Ireland, 
The Bay of Biſcay, formed between France and Spain. 


: The Gulf of Bothnia, in the N. E. parts of Sweden. 


The Gulf of Finland, between Sweden and Ruſſia, 
The Gulf of Venice, the N. W. end of the Adriatic Sea, 
= | 37. The principal Iſlands in Europe, are 
The Britiſh Iles; viz. Great Britain, Ireland, Orkneys, and Weſter 
es, . | 
The Spaniſh Iſles; Majorca, Minorca, Ivica, in the Medit. Sea. 
Italian Iſles ; Sicily, Sardinia, Corſica, Lipari, in the Medit. Sea. 
* Turkiſh Iſles; Candia, Archipelago Ifles, in the Medit. Sea. 
Swediſh Iſles ; Gothland, Oeland, Alan, Rugen, in the Baltic Sea. 
Daniſh Iles; Zeland in the Baltic Sea; and Iceland, Faro Iſles, E. and 
| 755 W. Greenlands in the Northern ocean. 
The Azores Iſies in the Atlantic ocean, belonging to Portugal, 
A a 4 | 1 OF. 
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OF ASIA, 


38. The continent of Aſia is bounded on the north by the Northern 
er frozen ocean, on the eaſt by the Pacific ocean, on the ſouth by the In- 
dian ocean, and by Africa and Europe on the weſt. It lies, including its 
lands, between the latitudes of 10 degrees ſouth, and 72 degrees north; 
and is between the longitudes of 25 and 148 degrees eaſt of London ; its 
length, excluſive of the iſles, being about 4800 miles, and breadth about 
4300 miles. 3 

39. The poſitions and names of the chief countries, cities, rivers, and 

mountains, are contained in the following table: 


— 2 2 * 2 — — —_ —_ —_— —— { 
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Countries. Poſition. Chief Cities Rivers. Courſe. | Mountains. | 
| +1 5 | 


es | 


n, 18 » — 


Pekin Vellow R. S. to E. Ottorocoran Nd. 
E. China S8. E. 4 Nankin Kiam E. Damaſian Wd, 
| 'F Canton {Ta S. E. 1 
IK. Korea E. |Kingkitau alu 8. {[|Shanalin = | 
Chineſe Tartary| E. {Chynian |Yamour N. E. to E. Fongwanſhan 5 
l Mongalia Mid. Kuda Vellow R. N. to W.. 0 
K. Thibet Mid. |Eſkerda |Yaru I.. 
| 8 r (Mid. Samarkand Amu | N. W. Belurlag 
BY | Karazm Mid. |Urjenz Amu S. W. |Irder 
1 Kalmucks | Mid. — _ Tubratubuſluk 
EEE: Tobolſki | Oby 2 | | 
E. SÞeria N. Aſtracan | Jeniſka N. N. W. Stolp | 
E. Turkey W. Smyrna Euphrates S. E. Taurus 
K. Syria | W. Aleppo Euphrates] 8. Lebanon 
Arabia S. W. Medina Euphrates S. E. Gabel el ared 
| 44 . Oxus W. Caucaſus 
F. Ferſa | 8. |!ſpaban | Araxes S. W. Taurus 
| India Weſt of J 8. Agra | Indus S. W. Caucaſus 
{ the Ganges ] * _]Dellt Ganges S. W. | Balagate 
| = 3 Ava Domea «2 
adia Eaſt of » - jPegu Mecon . S 
| the Ganges | 8. Siam Menan A {Pune E 
| 8 | | 


36 


Cambodia Ava 


. * i. 


Some of theſe countries contain ſeveral others. 


Aſiatic Turkey contains 


Countries | Georgia N. Turcomania E.] Curdiſtan E.] Diarbec E. 
= or Armenia | or Aſſyria ; 
Ch, cities | Teflis Erzerum | Betlis Moufol 


Countries | Eyraca 8. E. Arabia deſert S. Natolia W. | Syria W. 
| Smyrna Aleppo 


India 


Ch, cities | Bagdat 


t we * Fd 
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India weſt of the Ganges contains 


Northern * Countries | Indoſtan N.] Cambaya S. W. Bengala S. E. 
— 3 g or Guzarat | 
5 Ch. cities Delli Surat | | Patna 
„ e / | Decan . ,  RA©_»n 
anyone”; | Pa or Viſapour | or Carnate | 

| "0 Ch. cities | Goa 1 Calcut and Cochin | 

© (Countries Biſnagar K. Golconda © 14 2 

9 | | Carnate, E. ſide Do Tb " _ 
Ch. cities | Madras Golconda | Ora 


5 India eaſt of the Ganges contains | 
Countries | K. Ava N. W. K. Pegu W.] K.SiamS. | K. Malacca 8. 
Ch. cities | Ava h Pegu | Siam Malacca 
Countries | K. Cambodia S.] K. Cochin China E.] K. Laos N. K. Tonquin N. E. 
Ch. cities Cambodia | Thoanoa - Lanchan | Keccio | 


40. The principal Seas, Gulfs, and Bays in Aſia, are 


Caſpian Sea, quite ſurrounded by Siberia on the North, Korazm eaſt, by 


Perſia on the ſouth, and by Georgia on the weſt. 
Korean Sea, between Korea and the iſlands of Japan. 
Yellow Sea, between China and the Japan iſles. 
Gulf of Cochin China, on the borders of Tonquin and Cochin China. 
Bay of Siam, formed by the countries of Siam and Malacca. 
Bay of Bengal, between India eaſt, and India weſt of the Ganges. 


Gulf of Perſia, having Perſia on the N. E. and Arabia on the S. W. 


41. The principal Iſlands belonging to Aſia, 4 : 


| Ladrone, or Marian Iſles, whoſe chief iſland is Guam, 


GEOGRAPHY. 1 


| Ch. iſles Japan | Bongo Tonſa 
Japan fes 105. cities | Jeddo Bongo I Tonſa 
57/0191 Ch. iſles { Luconia Mindanao | Samar 
Philippines h. cities | Manilla Mindanao 1 
: CC. iſles | Formoſa | Ainan Ls 
Chineſe Iſies J Ch. cities Taywanfu | Tan LMakau 
Ch. iſles | Celebes Gilolo Ceram 
Moluccos Ch. cities Macaſſer Gilolo [U Ambay 
\ Ch. iſles I Borneo Sumatra 1 
Sunda Ifes Ch. cities | Banjar Ret Achin | Batavia 


The Andaman Iſies to the weſt of Siam. 
Nicobar Iſlands weſt of Malacca. | 
Maldive Tflands to the 8. W. of Biſnagar. . | 

The 2 of Ceylon S. E. of Biſnagar; the chief city is Candy, or 

Candy Uta. : 5 | 
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OF AFRICA, 


42. This large continent is a peninſula, joined to Aſia by the Iſthmus 
of Suez. On the N. E. it is ſeparated from Aſia by the Red Sea; it has 
the Indian Ocean on the eaſt, the Southern on the ſouth, the Atlantic on 
the weſt, and the Mediterranean Sea on the north, which ſeparates it 
from Europe. It is ſituated between the latitudes of 37 degrees N. and 
35 degrees 8.; and between the longitudes of 18 degrees W. and 50 de- 


mountains, are contained in the following table : 


—— 


grees E. from London; is about 4300 miles long, and 4200 miles broad. 
43. The poſitions and names of the chief countries, ci 


ties, rivers, and 


Countries. Placs, Chief Cities. Rivers. Courſe.] Mountains, | 
Morccco N. W. Fez Mulvia N. Atlas 
Algiers N. Algiers  |Saffran N. [Atlas | 
Tunis N. [Tunis Bagrada N. [Atlas 
Tripc li N. [Tripoli Salines N. E. Atlas f 
. Barca N. Docra Vis __ [Meies 
K. E F q N. E. Cairo Nile N. [Gianadel 
E. Abyflinia . i : | 
* Ri E. Ambamarjam Nile N. 
Afan E. JAdea Madadoxa | S. | 
Zanguebar FE. Melinda Cuama E. S. E. 
Sofala IS. E. Sofala Amara E. Amara 
Terra-de Natal | S. E. Natal St. Eſprit E. [Amara 
| ICafraria S. Cape Town St. Chriſtopher] E. |Table 
Mataman 1 Angri W. |Sunda 
K. Benguela |S. S. W. Benguela Negros W. Sunda 
- [K. Angola S. W. Loando Coanza W. Sunda 
K. Congo S. W. St. Salvador Zaara S. W. Sunda 
K. Loango S. W. Loango Zetie S. W. St. Eſprit 
\Biafara S. W. Biafara Camerones | S. W. St. Eſprit 
K. Benin S. W. Benin | Formoſa S. W.“ 
Guinea 8. W. Cape Coaſt Volta 8. [Sierra Leon 
1Mandinga W. James Fort Gambia W. C. Verd 
Sanhaga W. Sanhaga Senegal N. W. | 
Bildulgerid Mid. N. Dara Dara | S. [Atlas 
Zara Mid. |Zuenzega | Nubia E. | 
abia Mid. Nubia Nubia . 
Negroland Mid. Tombute Niger . 
Ethiopia inter. Mid. [Chaxumo | Niger W. Luna 
\Monomugi Mid. S. Merango Cuama E. S. E. Luna 
E. Monomotapa] Mid. S. Morgar Amara 8. E. Amara | 


Many parts of the Coaſt of Africa are ſubje& to the European nations: 
Thus the Kingdoms of Algiers, Tunis, Tripoli, Barca, and Egypt, are 


either ſubject to the Ottoman, or Turkiſh em 


ſelves under its protection. 


pire, or acknowledge thera» 


Abyſſinia 
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Abyſſinia is governed by its own Emperor. 
Ajan or Anian is peopled by a few wild Arabs. 8 
In Zanguebar and Sofala, the Portugueſe have many black Princes 
tributary to them, | 55 | | = 
Catraria, or the county of the Hottentots, belongs to the Dutch. 
The ſea coaſts of Guinea are uſually diſtinguiſhed by the names of the 
Slave Coaſt, Gold Coaft, Ivory Couſt, Grain Coaſt, and Sierra Leon. | 
The Engliſh, Dutch, French, Portugueſe, and others, have ſeveral 
ſettlements along theſe coaſts, and even many miles up the country, par= 
ticularly the Engliſh on the rivers Gambia and Senegal. 1 
In the general table the countries are taken in a very large ſenſe ; for 
many of them contain, a great number of ſtates independent ane of the 
other, the particulars of which are not known to Geographers, 


* 
g 


| 44. The principal Seas, Gulfs, and Bays in Africa, are 


The Red Sea, between Africa and Afia : It waſhes the coaſt of Ara- 
5 %% bia on the Aſiatic ſide, and the coaſts of Egypt and 
„ Abyſſinia on the African fide. | 3 
Moſambique Sea, between Africa and the iſland of Madagaſcar eaſtward, 
- Saldanna Bay in Cafraria, on the Ethiopic Ocean. 
Bight of Benin on the coaſt of Guinea, in the Ethiopie Ocean. 


45. The principal African Wands, are - 


| | Chief iſles. [Chief Towns. Situation, 
| p52 4 . — TP F N 8 | > = 5 2 
Madeira iſles {| Madeira Funchal { N. Atlantic Ocean 
Canary iſles | Canaria Palma N. Atlantic Ocean 
C. Verd iſles St. Jago St. Jago N. Atlantic Ocean 
Ethiopian iſles | St. Helena | Ethiopic Ocean 
Komora iſſes Johanna Demani Indian Ocean 
Sokotora ifles Zocotora | Calanſia | Indian Ocean 
 Almirante iſles | But little knovyn. Indian Ocean 


The iſland of Madagaſcar, one of the largeſt in the world, lies in the 
Indian Ocean: It is Fivided into a multitude of little ſtates ; ſome of 
them formed by the European privateers, and their ſucceſſors deſcended 
from a mixture with the natives. 

The iſlands of Bourbon and Mauri 
eaſt of Madagaſcar ; theſe 3 to the French. 
The Madeiras, and Cape de Verd Iſles, belong to the Portugueſe. 7 

The Canary Iſles to Spain; St Helena to England. 108 


trus lie in the Indian Ocean, to the 


\ 
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OF AMERICA. 


46. This vaſt continent, called by ſome the new world, having been 
diſeovered by the Europeans ſince the year 1492, is uſually divided into 
two parts, one called North, and the other South America, being joined 


to one another by the Iſthmus of Darien. | 3 
North America lies between the latitudes of 10 degrees and 80 de- 
grees north; and chiefly between the longitudes of 50 degrees and 130 
degrees weſt of London; is about 4200 miles from north to ſouth, and 
about 4800 from eaſt to weſt. It is bounded on the eaft by the north 
Atlantic Ocean, by the Gulf of Mexico on the ſouth, on the weſt by 
the Pacific Ocean, and by the Northern continent 'and ocean to the 
northward. * Ty; . 
South America is bounded on the eaſt by the ſouth Atlantic Ocean, by 
the Southern Ocean to the ſouth, by the Pacific Ocean on the weſt, and 
on the north by the Caribbean Sea. It lies between the latitudes of 12 
degrees north, and 56 degrees ſouth; and between the longitudes of 45 
degrees and 83 degrees weft from London; is about 4200 miles long, 
and about 2200 miles in breadth. U 


47. The poſitions and names of the chief countries; cities, rivers, and 
mountains, in North America, are in the following table 


— — * — T e 
| Countries. Poſition.] Chief Cities. | Rive.s. | Courſe. | Mountains. | 
{ California W. St. Juan re | 
{New Mexico 8. Sainte Fe N. River 8. S. Ef | 
[Old Mexico IS. W. Mexico ' [Panuco - E. . 
{Louifiana 8. New Orleans |Mififfipi. | S$. | © | 
i Florids © |. S. St. Auguſtine St. John N. to E.] Apalachian- 
[Georgia s. S. E. Savannah |Alatamaha E. S. E.] Apalachian 
Carolina 8. E. Charles Town Aſhl7 ö © E. Apalachian 
Virginia | E. James Town Powtomack | S. E. Apalachian 
Maryland E. Annapolis Powtomack S. E. | Apalachian 
| Penfylvania | E. Philadelphia Delawar S. | Apalachian 
{ [erſeys E. New Vork 'TfAlbany. 8. : 
New England {| E. Boſton (Connecticut 8. | 
Nova Scotia N. E. Halifax St. John 8. S. E. Ladies 
Canada Mid. Queben SSt. Lawrence N. E. 
New Britain N. N. E. Fort Rupert Rupert "MM; 
New Wales N. | York Fort Nelſon „ 


— — — 


California, Old Mexico, ànd New Mexieo, Louiſiana, and Florida, bes 
long to Spain. | NE | 


Georgia, Carolina, Virginia Maryland, Penſylvania, the Jerſeys, and 
New England, form the United States of America. — 


Nova Scotia, Canada, New Britain, and New Wales, belong to England. | 
1 „ 


— 
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: RR h ; | | 
In South America the poſition and names of the chief countries, Cities, 
rivers, and mountains, are as follow: 11 | 


2 * 


E | in. Los 

Countries. | Poſition. | Chief Cities, Rivers. { Courſe. Mountains | 
Terra Firma. | N. Panama Oronoque N. E. 
Peru W. Lima . {Chuquimayo [W. N. W. Andes | 
Chili S. W. St. Jags |Valpariſo W. Andes 
Patagonia 8. Deſaguadero S. Andes ö 
La Plata oF S. E. Buenos Ayres La Plata 8. Andes | 
Paraguay Mid. Aſſumption Paragua 8 I 
Brafil E. St. Salvador Rio Real N. E. | 
Amazonia | , Mid. \ Amazons jj KK - F 
Guiana N. E. Surinam Eſquebe IN. N. E. 


Terra Firma, Peru, Chili, La Plata, and Paraguay, are in the poſſeſſion 
of the Spaniards. „ 


f rench. 


; 48. The principal Seas, Gulfs, and Bays in America. 
The Caribbean Sea, bounded by Terra Firma on the ſouth, and a range 
- of iſlands on the north and eaſt, — 
Gulf of Mexico, formed by Old Mexico, Louiſiana, and Florida. 
Bay of Campeachy, part of the Gulf of Mexico, on the Mexican coaſt. 
Bay of Honduras, part of the Caribbean Sea, next to Mexico. 
Bay of Panama, in the Pacific Ocean, next the Iſthmus of Darien. 
. Bay of California, in the Pacific Ocean, having California on the weſt. 
Bay of Fundy, in Nova Scotia, north Atlantic Ocean. 8 
Gulf of St. Lawrence, in the North Atlantic Ocean, bounded by Nova 
— Scotia, New Britain, and ſome iſlands eaſtward 
| | adlnd ſouth-eaſt ward. | 5 | | 
Hudſon's Bay, between New Britain E. and New Wales W. 


49. The chief American Iſlands in the Atlantic Ocean. 
Newfoundland, and Cape Breton, eaſt of the Gulf of St, Lawrence. 
Bermudas, or Summer 1/lands, eaſt of Carolina. 

Bahama Iſ/l:s, ſouth eaſt of Florida. FD 
4 Cuba ch. town Havanna lying E. of the 
Great Antilles Fate. ch. town St. Domingo f Mexican Gulf, and 


Jamaica ch. town Kingſton. N. of the Car. Sea. 


Ceribbee Illes, bounding the Caribbean Sea on the E. and N. E. 
Lefſer Antilles, on the N. N. E. of Terra Firma, in the Caribbee Sea. 

Terra del Fuego, on the ſouth of Patagonia, in the Southern Ocean. 
Gallipago Iles, lying N. W. of Peru in the Pacifie Ocean. 
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50. PROBLEM I. 


CAsE I. When the latitudes of the | 


given places have the ſame name: 
Rol k. Subtract the leſſer latitude 
from the greater, the remainder is 
the difference of latitude. | 


Ex AM. I. What is the difference of | 


tatitude between London and Rome? 


London's lat. 51“ 31'N. 3 
Rome's lat. 41 54 N. 
577 miles. | 


Exam. II. What is the difference | 


gf latitude between the Lizard and the 

and of Madeira? 
Lizard's lat. 
Madeira's lat. 


Diff. lat. 17 19=1939m. 


Ex AM. III. bat is the difference 
© latitude between the 
elena and the Cape of 

C. Good Hope's lat. 34% 2g' S. 
St. Helena's lat. 15 55 8. 


Diff. lat. 18 34=11 14m. 


Exam. IV. A ſhip from the lati- 
titude of 43 18 N. is come to the lat. 
of 34 40 N. Required 
atitude. 


49%. 57% N. 
32 38 N. 


Lagt. from 432? 18' N. 
Lat. in 34 49 N. 
Diff. lat. 8 29=509m. 


2 


| 


| Diff. lat. 


=_ of St. 
ood Hope ? | 


the diff. of 


Given the latitudes of two place 
Required their diſference of latitude. 


| Casx II. When the latitudes of the 
given places have contrary names: 
Roux. Add the latitudes together, 
and the ſum will be the difference 
eln 

Ex AM. I. Required the diff. of lat. 
between C. Finifterre and C. St. Rogue. 
C. Einiſterre lat. 42 ́ß2 N. 
2 St. Roque lat. 5 O 8. . 


ö ; 


5 
60 . | 5 
2872 miles. 
Ex AM. II. Phat is the difference 
of latitude between the Iſland of Bar. 
badoes and C. Negro? | 
I. of Barbadoes's lat. 130 0 NM. 
C. Negro's lat. 16 30 8. 


D 29 30g 17 om. 
Exam. III. Required the diffe- 

rence of latitude between Cape Horn 

and Cape Corientes in Mexico. 

Cape Horn's lat. 5 5 59'S. 

C. Corientes's lat. 20 18 N. 


Diff. lat. 76 17=4577m. | 
Exam. IV. A ſhip from the lat. of 
8* 28/ S. has failed north to the lat. 
645 N. Required the diff. of lati- 


tude. 
| 


| 


| 
| 


go 280 8. 


| Lat. from 
Lat, in | 6 45 N. 
Diff. lat. 15 13 91m. 


The ſituation of about 1500 particular places are contained in a Geo- 
graphical Tebie, Art. 137, at the end of this book; where the latitudes 
and longitudes of places are to be ſought, as they follow in alphabetical 


order. 
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51. PROBLEM II. Given the latitude f one place, and the 


latitude between it and another 


Y 


difference of 


Required the latitude of the latter place. 


CAsE I. When the given latitude 
and difference of latitude have the 
ſame name: | | 


RuLE. To the given latitude add 
the degrees and minutes in the diff. 
of latitude, that ſum is the other 
latitude, of the ſame name. 


Exam. I. A ſbip from the latitnde 
of 38* 14' N. fails north till her dif- 
ference of latitude is 12? 32' : What 
latitude is ſhe come to? | 


Lat. from 339 14/N. 
Diff. lat. 12 32 N. 
Lat. in co 46 N. 


Ex AM. II. 4 hip from the ifland 
of Aſcenſion runs ſouth till her diff. 
of latitude is 5* 37': What is the 


preſent latitude of the ſhip © 
I. Aſcenſion's lat. 7? 568. 
Diff. lat. 5 „ 5- 
Ship's lat · 12 33 "'S 


Ex Au. III. A ſhip from the iſland. 
F Madeira fails N. 67 5 miles: IVhat 
lat. is ſbe in? 


I. Madeira's lat. 32e 38“ N. 
Diff. lat, -22 (I. 22)==13.- 15 N. 
Ship's lat.- 43 $3 


Exam, IV. Three days ago we 
were in the latitude of the Cape of 
Good Hope, and have run cach day 
92 miles directly S. That is our pre- 


ſent latitude? =: 
C. Good Hope's lat. 34 29'S. 
; 2 X | 
Dit. lat 28. 22)= 4 36 8. 


| Preſent latitude 


29 95 8. 


— * 


Cask II. When the given lati- 


tude and difference of latitude haye 
contrary names : 3 | 
RuLe. Take the difference be- 
tween the given latitude, and the 
degrees and minutes in the diff. of 
latitude, the remainder is the other 


latitude, of the ſame name with the 
greater. . 


Exam. I. A ſhip from the latitude 
of 38* 14 N. fails ſouth till her dif- 


ference of latitude is 12* 32/ Mat 
latitude 1s ſhe come to? f 
Lat. from 38 14 N. 


Fx AM. II. A hip from the iſland 
| Aſcenſion runs north till herd X 
at, 


is $* 37“: What is the prefent 
latitude of the fhip ? + 
I. Aſcenſion's lat. 7 368. 
Diff. lat. . 
Ship's lat. 2 19 8. 


— — — — 


Ex AM. III. 4A ſhip from Sierra 
Leona ſails S. 839 miles: What lati- 
tude is ſbe in? | 
8* 300 N. 


Sierra Leon's lat. 

839 
Diff. lat. 1 (L. 2288 tz 59 8. 
Ship's lat. 3 3: 


—— — 


Exam, IV. Four days ago we 
were in the latitude of the ifland of 


St. Matthew, and ſailed due north 6 


miles an hour: I hat latitude is the 


ſhip in? 
St. Matthew's lat. 1* 23'S. 
6 | | | 
Dif. lat. HEEL. 22)=9 36 N. 
Ship's latiiule 8 13 No 


” 
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. . 'B 
52, PROBLEM. III. Given the longitudes of two places: 5 
Required their difference of longitude. 5 
RouLE. If the longitudes are of the _ name, their difference is the 
2 difference of longitude required. | 
But if the longitudes are of different names, their ſum is the differ. 
ence of longitude. EE” | 
And if this ſum exceed 180 degrees, take it from 360 degrees, and 
there will remain the difference of longitude. 
Exam. I. Required the difference Ex AM. IV. Required the difference 
of longitude between London and Na- longitude between St. Chriſtopher's 
ples © 1 and Cape Negro. | DES 
London's long, oo oo St. Chriſtopher's long. 620 f W. 
Naples long, 14.19E. | C. Negro's long. 11 30 E. 
Diff. long. ws: dd longitude 74 N | 
| 60 | oo -- [ 
859 4464 miles, 
Exam. II. 4 ſhip in longitude 14 Ex AM. V. A ſhip in longitude 
45” W. is bound to a port in longitude 140 200 W. is bound to a place in 
 48* 18 weſt: What aiffe of longitude | longitude 139 35' E. what diff. of 
muſt ſhe male? | longitude muſt ſhe make. 
Ship's long. 14 45, w. Ship's long. 140 200 W. 
| Long. bound to 48 18 W. | Long, bound to 139 35 E. 
Diff. longitude =” a as — 0Q $8 
5 9 3 ö 
2013 miles. Diff. longitude 80 o 
Exam, III. What is the difference} Ex AM. VI. What is the difference 
of longitude between Cape Gardafuir ef longitude between Cape Horn and 
and Cape Comorin? _ Mania? 8 5 
C. Gardafuir's long. 50% 25 E. Cape Horn's long. 67 21“ W. 
Ci. Comorin's long. 78 17 E. Manila's long. 120 58 E. 
Diff. longitude . 188 19 
| 60 3 | 360 Oo 
1672 miles. Diff. longitude 171 41 


Sometimes the diff. lon. between two places is eſtimated by the diff. of 
time, allowing an hour to every 15 degrees of longitude, and one min. of 
time for every 15 min. of a deg. or a deg, for every 4 min, of time. 

Exam. At 6h, 48 m. P. M. having obſerved at ſea a certain appearance 
in the heavens, which I knew was ſeen the ſame inſtant at 3 5. 25 m. P. M. 

nin London: Required the diff, longitude between the places of obſervation. 


From Gh. 48m. | 3h. = 45 deg. | 
Take 3 35 _ 3m. = 3-85 
| Remain 3 13 =diff. time. Sum 48 15=diff, long. 


And becauſe the hour of appearance at London was leaſt, therefore I know 


myſelf to be to the eaſtward of Londor. Pace 
53. PRo= 


53. PROBLEM IV, Given the longitude of one place, and the di rence 
1 1 of longitude between that and another 7 
Required the longitude of the ſecond place. 


RULE, If the given longitude and difference of longitude are of con- 
. trary names, their difference is the longitude required; and is 
of the ſame name with the greater. . | 

But if the given longitude and difference of longitude are of the 
ce ſame name, the ſum is the Jongitude ſought, of the ſame name 


4 © with the given place. 
And if the ſum is greater than 180 degrees, take it from 360 


| degrees, and there will remain the longitude required, of a 


contrary name to that of the given place. 


EXAM. * A ſbip from the lan- ExAM. IV. A foip from Cape 
gitude of 41% 12“ E. fails weſtward] Finifterre ſails weſtward, and finds 


until her difference of longitude 15\ſhe has altered her longitude 587 
15 47': What is her preſent longi-|miles : What longitude is ſhe arrived 


| tude 5 | in © 
| | Ship's longitude 41 12"E.| C. Finiſterre's long. N . 
f | Diff. long. "oP 47 W. Diff. lon. 55 55 9 47 W. 
Preſc long. 26 - 4 E. 0 e | 
"4.4, | | | Long. in, 18 59 W. 


Exam, II. A foip from Cape Exam. V. A ſhip from Cape St. 
Charles, in Virginia, ſails eaſt ward Lucar, in California, has made 87 
until ſbe has altered her longitude 22*|'8 of weſt longitude: What longitude 
53“, What longitude is ſbe in © is ſhe in? | | 


C. Charles's long. 76* o7'W.| C. St. Lucar's long. 109 40 W. 


Diff. long. 1% 54 Bo Dif. long. | 87 18 W. 
| Ship's long. 53 14 W. a 196 58 W. 
. | 85 — 300 60 

{ Ship's longitude 163 oz E. 


9 
{ 


Ex AM. III. Four days ago I de- Exam. VI. Seven days ago my 

parted from C. St. Sebaſtian, in Ma- longitude was 172% 17' M. and [ 

| dagaſear, and I have made each day have made each day 132 miles of weſt” 
75 miles of eaſt longitude : Required longitude : Required my preſent len- 


the longitude the ſhip is in? [gitude © Bs | 
g 75 | Le 0 1 132]Departed long. 172 17' W. 
4 C. Sebaſ. long. 46? 30 E. 7 Diff. long. 15 24 W. 
— dit. long. 5 08 Je: wy | — 
6,0) 30% ᷑ —— 6,009, 187 41 
- — Ship's long. 1 0 ð — 300 oo 
5⸗ — 1 4 | "0 
| Preſent long. 172 19 E. 
Vor. ! „ SECTION. 
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| ISECTION v. 
54. Of the Uſe of the Globes. 


By the globes are here meant two ſpherical bodies, called the Ter- 
reſtrial and Celeſtial Globes, the convex ſurfaces of which are ſuppoſed to 
give a true repreſentation of the earth and heavens. | 

The TERRESTRIAL GLOBE has delineated on its convexity the whole 
ſurface of the earth and ſea in their relative ſize, form, and ſituation, | 

The CELESTIAL GLOBE has drawn on its ſurface the images of the 
ſeveral conſtellations and ſtars; the relative magnitude and poſition which 
the ſtars are obſerved to have in the heavens, being preſerved on this 

1 . | Oo 0 Pe IS eo 
6 The globes are fitted up with certain machinery, by means of which a 

great variety of uſeful problems are neatly folved. 5 28 
The Brazen MERIDIAN is that ring, or hoop, in which the globe 
* hangs on its axis; which is repreſented by two wires paſſing through its 

poles. This circle is divided into four quarters, of g0® each; in one ſemi- 
Circle the diviſions begin at each pole, and end at go, where they meet, 
In the other ſemicircle, the diviſions begin at the middle, and proceed 
thence toward each pole, where they end at o degrees. The graduated 
ſide of this brazen circle ſerves as a meridian for any point on the ſur- 
face of the earth, the. globe being turned about till that point comes 
undo the circle. | . : 9 | 

The Hour CIRCLE is a ſmall circle of braſs, which is divided into 24 
hours, the quarters, and half quarters. It is fixed on the brazen meridian, 
_ equally diſtant from the north end of the axis, to which an index is fitted, 

that points out the diviſions of the hour circle as the globe is turned about. 
The Horizen is repreſented by the upper ſurface of the wooden cir- 
cular frame encompaſſing the globe about its middle. On this wooden 
frame is a kind of perpetual calendar, contained in ſeveral concentric 
circles: The inner one is divided into four quarters, of go degrees each: 
the next circle is divided into the twelve months, with the days in each, 
according to the new ſtyle; the next contains the 12 equal ſigns of the 
zodiac, each being divided into 30 degrees: the next is the 12 months and 
days, according to the old ſtyle; and there is another circle, containing 
the 32 winds, with their halves and quarters. Although theſe circles are 
on all horizons, yet their diſpoſition is not always the ſame. : 

The QUADRANT of ALTITUDE is a thin ftraight lip of braſs, one 
edge of which is graduated into go degrees and: their quarters, equal to 
thoſe of the meridian. To one end of this is fixed a braſs nut and ſcrew, 
by which it is put on, and faſtened to the meridian: and if it is. fixed to 
the zenith or pole of the horizon, then the graduated edge repreſents a a 
vertical circle paſſing through any point. . a | 
he ſides theſe, there are ſeveral circles deſcribed on the ſurfaces of both 
globes; ſuch as the equinoctial, ecliptic, circles of longitude and. right 
aſccaſion, the tropics, polar circles, parallels of lat. and decl. on the ce- 
leſtial globe and on the terreſtrial, the equator, ecliptic, tropics, polar 
circles, parallels of latitude, hour circles, or meridians to every 15 degrees, 
and the ſpiral rhumbs flowing from ſeveral centers, called Flies. 


5, PR O- 


and call the remainder the longitude weſtward. . x 
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—_— PROBLEM I. 2 


To find the latitude and longitude of any place on the terre/trial globe. 


1ſt, Bring the given place under that fide of the graduated brazen meri- 
dian where the degrees begin at the equator, by turning the globe about. 
2d. Then the degree of the meridian over it ſhews the latitude. 
3d. And the degree of the equator under the merid. ſhews the long. 


On ſome globes the longitude is reckoned on the equator from the 
meridian where it begins, eaſtward only, until it ends at 360: On ſuch. 


globes, when the longitude of a place exceeds 180?, take it from 360, | 


S 


56. pn It 


27 find any place on the globe, the latitude and longitude of which are given. 


tft. Bring the given longitude, found on the equator, to the meridian. 
2d. Then under the given latitude, found on the meridian, is the place 
57. PROBLEM MM. 
To find the diſtance and bearing of ary two given places on the globe. f 
Iſt. Lay the graduated edge of the quadrant of altitude over both 
places, the beginning, or o degree, being on one of them, and the de- 
grees between them ſhew their diſtance ; theſe degrees, multipled by 60, 
give ſea miles, and by 70 give the diſtance in land miles nearly; or 
multiplied by 20, give leagues. . 1 
2d. Obſerve, while the quadrant lies in this poſition, what rhumb of 


the neareſt fly, or compaſs, runs moſtly parallel to the edge of the qua- 
drant, and that rhumb ſhews the bearing ſought, nearly. 


58. 5 PRODLE MM IV. 
To find the Sun's place and declination on any day. . | 
1ſt, Seek the given day in the circle of months on. the horizon, and 
right againſt it in the circle of ſigns is the Sun's place. 
Thus it will be found that the Sun enters 4 
The ſpring figns, Aries, March 20. Taurus, April 20. Gemini, May 21. 


Dye ſummer ſigns, Cancer, June 21. Leo, July 23. Virgo, Aug. 23. 


Autumnal . ſigus, Libra, Sept. 22. Scorpio, Oct. 23. Sagittar. Nov. 22. 


The winter figns, Capric. Dec. 21. Aquarius, Jan. 20. Piſces, Feb. 18. 


2d. Seek the Sun's place in the ecliptic on the globe, bring that place 
to the meridian, and the diviſion it ſtands under is the Sun's declination 


en the given day. 


On the globes, the ecliptic is readily diſtinguiſhed fro n the equator, 
not only by the different colours they are ſtained with, but alſo by the 


ecliptic's approaching toward the poles, after its interſetion with the 


equator. The marks of ta: ſigns are alſo put along the ecliptic, one at 


the beginning of every ſucceſſive 30 degrees. 


B b 2 59. PRO- 
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„„ | PROBLEM. v. | 8 
| 2 redtify the globe for the latitude, zenith, and neon, 


1ſt, Set the globe upon an horizontal plane with its parts anſwering ta 
thoſe of the world; move the meridian in its notches, by raiſing or de- 
preſſing the pole, until the degrees of latitude cut the horizon; then is 
the globe rectified for the latitude. 
2d. Reckon the latitude from the equator towards the elevated pole, 
there ſcrew the bevil edge of the nut belonging to the quadrant of alti- 
tude, and the reRification is made for the zenith. 

3d. Bring the Sun's place (found by the laſt veablew) to the meridian, 


ſet the index to the x11 at noon, or upper X11, and the globe is rectified 
for the Sun s ſouthing, or noon. 


60. PROBLEM VI. 


To find where the Sun is vertical, at any given time, in a given . 
ft. Bring the Sun's place, found for the given day (58), to the meri- 


dian, and note the degree over it. 


2d. Bring the place, for which the time is given, to the meridian, and 
ſet the index to the given hour. 

3d. Turn the globe till the index comes to 12 at noon, then the place 
under the ſaid noted degree has the Sun in the zenith at that time. 1 

Ath. All the places that paſs under that degree, while the globe is 
kurbel round, will have the Sun vertical to them on that day. 


& | | PROBLEM.VE 


.n 2 on what days the Sun will be vertical, at any given . in the 
torrid zone. 


1ſt. Note the latitude of the given place on the meridian. 

2d. Turn the globe, and note what two points of the ecliptic paſs un- 
der the latitude noted on the meridian. 

3d. Seek thoſe points of the ecliptic in the circle of ſigns on the ho+ 
rizon, and right againſt them, in the circle of months, ſtand the days re- 
guired. 


In this manner it will be found, that the Sun will be den to 40 
Iſland of St. Helena on the 6th of November, and on the 4th of February, 
And at Barbadoes on the 24th of April, and the 18th of _— 


62 5 PROBLEM VIII. 8 


At any given hour in à given Place, to find what hour it is in any ethir 
bY Aces 
Iſt. Bring the place where the time is given to the meridian, and {eq 
che index to the given hour. | 


© 24. Brivg the other given place to the meridian and the index ſhews | 
_ aur xc correſponding to the —_ time. 


2 1 63. PpRO- 


time of Sun-riſing and ſetting, and the length of the day and night. 
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63. PROBLEM IX. . 


At any given time to find all thaſe places of the Earth where the Sun is 


then riſing or ſetting, and where it is mid-day or midnight. 


the globe for the latitude of that place, and bring it to the meridian. 
Then all thoſe places, that are in the weitern half of the horizon, have 
the Sun riſing ; and thoſe in the eaſtern half have it ſetting. . 
Thoſe under the meridian, above the horizon, have the Sun culminating, 
or noon ; and thoſe under the meridian, below the horizon, have midnight. 
Thoſe above the horizon have day; thoſe below it have night. f 


Find the place where the Sum is vertical at the given time (60), reftify | 


Py 


64. = PROBLEM x 


To find the angle of poſition of two places, or the angle made by the meridian 
of one place, and a great circle paſſing through both places. 


Rectify for the latitude of one of the given places, and bring it to the 
meridian; there fix the quadrant of altitude, and ſet its graduated edge to 
the other place: then will that edge of the quadrant cut the horizon in 

the degree of poſition ſought. | : | 

Thus, the angle of poſition at the Land's End to Barbadoes is ſouth 


712 weſterly : but the angle of poſition at Barbadoes to the Land's End 


is north 37+ degrees eaſterly. : 
Hence neither of thoſe poſitions can be the true bearing; for the rhumb 


paſſing through both places, will be oppoſite one way to what it is the 
other. | | | — | 


bg. PROBLEM XI. 
The latitude of any place not within the polar circle being given, to find th 


Rectify for the latitude and the noon; bring the Sun's place to the 
eaſtern ſide of the horizon, and the index ſhews the time of riſing : the 
Sun's place being brought to the weſtern ſide of the horizon, the index 
gives the ſetting. . | _ = 
Or, the time of riſing taken from 12 hours gives the time of ſetting, 

The time of ſetting being doubled gives the length of the day. 

And the time of rifing being doubled gives the length of the night. 

Thus, at London, on April 15th, the day is 132 hours; the night 104 
hours. | Dn | 1 


66. ä ee 
To find the length of the longeſt and ſhorteſt days in any given place. 


Rectify for the latitude ; bring the ſolftitial point of that hemiſphere 
to the eaſtern part of the horizon, ſet the index to 12 at noon, turn the 


globe till the ſolſtitial point comes to the weſtern fide of the horizon, 
the hours paſt over by the index give the length of the longeſt day or 


night; and its complement to 24 hours gives the length of the ſhorteſt 


night or day, | | 
18 Or ay | B b 3 67. PR O- 
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6 M PROBLEM XII. 
A place being given in either frigid or frozen zone, to ry the time when 


the Sun begins to appear at, or depart from, that place : alfo how many ſuc- 
ceſſive days he is preſent to, or abſent from, that place. 


Rectify for the latitude, turn the globe, and obſerve what degrees in 
the firſt and ſecond quadrants of the ecliptic are cut by the north point of 
the horizon, the latitude being ſuppoſed to-be north. 

Find thoſe degrees in the circle of ſigns on the horizon, and their cor- 
reſponding days of the month; and all the time between thoſe days the 


Sun will not ſet in that place. 


Again; Obſerve what degree in the third and fourth quadrants of the 
ecliptic will be cut by the ſouth point of the horizon, and the days an- 
ſwering: then the Sun will be quite abſent from the given place during 
the intermediate days; that day in the third quadrant ſhews when he be- 
gins to diſappear; and that in the fourth quadrant ſhews when he begins 
to ſhine in the place propoſed. 

Thus at the North cape, in lat. 717, the Sun never ſets from May 15 
to July 28, which is 74 days; and never riſes from mn 16 to 
January 24, which is 69 days. : 


68. PROBLEM XIV. \ 
To find the antæci, peræici, and antipodes of any place. 

Bring the given place to the meridian, tell as many degrees of latitude 
on the contrary ſide of the equator,. and it gives the place of the antæci; 
that is, of thoſe who have oppoſite ſeaſons of the yours but the ſame times 
of the day. 


The given place being under the meridian, ſet the index to 12 at 
noon, turn the globe until the index points to 12 at night, anc the point 


under the meridian in the given latitude is the place of the periæci; that 


is, of thoſe who have the fame ſeaſons of the year, but oppoſite times of 
the day. 

The globe remaining in this poſition, ſeek on the. contrary fide of the 
equator for the degrees of latitude given, and the point under the meri- 
dian, thus found, will be the antipodes to the given place; that is, there 


| the ſeaſons of the year and times > of the day are OY * to thoſe 


of the given place. 


69. — PROBLEM XY. 


75 fond the Leginnmmg ant end of the teoilight i in any place. 


Rectiſy the globe for the latitude, zenith, and noon. | (59) 
deck the point ef the ccliptic oppoſite to the Sun's place, turn the 
704 te ard quacrant of altitude, till the ſaid oppoſite point of the ecliptic 
de again 18 degrees on the quadrant of altitude; then will the in- 
Ges ſnew the Leginnivg or end of the twilight; that is, the beginning 
„ morning, when thoſe points mect in the weſtern hemiſphere; or 
Wes d in the evening, when the ſaid points meet in the eaſtern he- 


oP ts | 
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70. | PROBLEM -XVE 1 
en The latitude of a place and day of the month being given, to find the Sun's It 

"0 declination, meridian altitude, right aſcenſion, amplitude, oblique aſcenficn, 1 
aſcenſional difference 3 and thence the time of riſing, ſetting, length of the day AY 
In and night. 3 | 855 . i | 
of Rectify for the latitude and noon, Then, 6... 2 j | 
The degree of the meridian over the Sun's place is the declination. "il 
[= The meridian altitude is ſhewn by the degrees the Sun is above the ho- 3d 
N rizon; and is equal to the ſum or diff. of the co-lat. and dec]. 20 0 
The Sun's right aſcen. is that degree of the equator under the meridian. .J l 
ie Bring the Sun's place to the eaſtern part of the horizon. Then, We | 
mw The amplitude is that degree of the horizon oppoſite the Sun. | 1 

8 The oblique aſcenſion is that degree of the equator cut by the horizon; "i 
3 Ihe aſcen. diff. is the diff. between the right and oblique aſcenſions. 1. 
ns Ihe aſcen. diff. converted into time, will give the time the Sun riſes | 4 
| before or after the hour of ſix, according as his amplitude is to the north=®— © © 1 
5 ward or ſouthward of the eaſt point of the horizon. WED | k 
to 9 FE 1 
BY | | PROBLEM XVII. 1 


Given the latitude of the place and day of the month, to find the Sun's al. 
titude and azimuth, either when he is due eaſt or weſt, at 6 & clock, or at any 
other hour while he is above the horizon, © By | 


le | 

15 Rectify the globe for the latitude, zenith, and noon, | | — 

= Set the quadrant of altitude to the eaft point of the horizon, turn the 
globe till the Sun's place comes to the quadrant's edge, and it ſhews the 

altitude, his azimutn being now 9o?, and the index ſhews the hour. 

nt Turn the globe till the index points at 6, there {tay it, and move the 

al quadrant until its edge cuts th& Sun's place; then the degrees at he Sun 

ol ſhew its altitude, and the degrees cut by the quadrant in the horizon 
ſhew the azimuth, reckoning from the north. | 

de In like manner, the globe being turned till the index is againſt any 

other hour, ſuppoſe 10 in the forenoon; then, | | 

" The graduated edge of the quadrant of altitude being turned to cut 

ſe the Sun's place, will give both the altitude and azimuth at that time. | 0 


7ÿ 2. PROBLEM XY 


Given the latitude, day of the month, and Sun's altitude, to find the azi- 
muth and hour of the day. | 


2) | Rectify the globe for the latitude, zenith, and noon. 


be Turn the globe and quadrant, until the Sun's place coincide with the 
5 altitude on the graduated edge of the quadrant. 


Then will that edge of the quadrant cut the degrees of azimuti on the 
18 horizon, reckoned from the north; and the index will ſhew the tour of | 


Bb _ ns 


the day. 
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73. — PROBLEM XIX. | 
To ** the appearance of the heavens at any time in a given place. 


Rectify the celeſtial globe for the latitude, zenith, and noon, and turn 
the globe till the index points at the given hour. Then, 

The ſtars in the eaſtern half of the horizon are riſing; thoſe in the 
weſtern are ſetting: and thoſe on the meridian are culminating. | 
The quadrant being ſet to any given ſtar will ſhew its altitude, and at 
the ſame time its azimuth, reckoned on the horizon, 

Nou by turning the globe round it will readily appear, what ſtars never 
ſet in that place, and what never riſe : thoſe of perpetual apparition never 
go below the horizon, thoſe of perpetual abſence never come above it. 


"Bib TL PROBLEM IZX ©: 
| E find the latitude and longitude of any fear. | 


Put the center of the quadrant of altitude on the pole ef the ecliptic, 
and its graduated edge on the given ftar. Then, 

The latitude is ſhewn by the degrees between the ecliptic and ſtar, 
The longitude is the degrees cut on the ecliptic by the quadrant. 


n PROBLEM XXI. 
To find the declination and right aſcenſion of a fear. 


Bring the ſtar to the meridian, the degree over it is the declination; and 
the degree of the equator under the meridian is the right aſcenſion. 


76. PROBLEM XXII. 


On any day, and in any given place, to find when a propoſed Aar ha ſity, 
er culminates. 


ReQify the globe for the latitude and noon. 

Bring the ſtar to the eaſtern fide of the horizon, and the EDM ſhews 
the time of its riſing. | 

Turn the globe till the ſtar comes to the meridian, and the das ſhews | 
the time of its culminating ; and in like manner, when it ſets, the time 
will be ſhewn by the index. 
Its meridian altitude, oblique aſcenſion, wid aſcenſional difference, are 
found in the ſame manner as for the Sun, at Art. 70. 


SECTION 
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SECTION VI x 
Of Winds. 


7. A FLUID is a body, the particles of which readily give wa in 
2 im neſſec force; and by this readineſs of yielding, the — —_ 
put into motion. | | | | 
t Thus, not only liquids, but ſtreams or vapours, ſmoke or fumes, and 
others of the like kind, are reckoned as fluids, 
r From all parts of the Earth vapours and fumes are conſtantly ariſing to 
p-. ſome diſtance from its ſurface. = 0 

This is known by obſervation; it is cauſed chiefly by the heat of the 

Sun, and ſometimes by ſubterraneous fires ariſing from the accidental 
-mixing of ſome bodies, | 8 | : 
78. AIR is a fine inviſible fluid ſurrounding the globe of the Earth, 
and extended to ſome miles above its ſurface. 3 | 
The ATMOSPHERE is that collection of air, and of bodies contained in 
z it, which circumſcribes the Earth. 8 | 
1 79. From a multitude of experiments, air is found to be both heavy and 
pringy. | | . . 

By its weight it is capable of ſupporting other bodies, ſuch as vapours 

and fumes, in the ſame manner as wood is ſupported by water. 

By its ſpringineſs or elaſticity a quantity of air is capable of being ex- 
panded, or of ſpreading itſelf ſo as to fill a larger ſpace * ; and of being 
compreſſed or confined in a ſmaller compaſs +. | 

| ; . 80. Air is compreſſed or condenſed by cold, and expanded or rarefie 
heat. 5 „ 
This is evident from a multitude of experiments. - 

An alteration being made by heat or cold in any part of the atmoſphere, 

its neighbouring parts will be put in motion, by the endeavour which the 
air always makes to reſtore itſe]; to its former ſtate. „5 
For experiments ſnew, that condenſed or rarefied air will return to its 
natural ſtate, when the cauſe of that condenſation or rarefaction is re- 
moved. | 5 | | 
81. Winp is a ſtream or current of air which may be felt; it uſually 
IS blows from one part of the Þorizon to its oppoſite part. | 
1 82. The horizon, beſide being divided into 360 degrees, like all other 
. circles, is by mariners ſuppoſed to be divided into four guadrants, called 
the north-eaſt, north-weſt, ſouth-eaſt, and ſouth- weſt quarters; each of 
- - theſe quarters they divide into eight equal parts, cailed points, and each 
point into four equal parts, called quarter-points, * | | | 
So that the horizon is divided into 32 points, which are called rhumbs, 
or winds; to each wind is aſſigned a name, which ſhews from what point 
of the horizon the wind blows. 
The points of North, South, Eaſt, and Weſt, are called cardinal 
points; and are at the diſtance of 90 degrees, or 8 points, from one an- 
other. . 


— 


| | * Near 14000 times. Wallis's Hydroſ. b. 13. 
Into the 26 Part. Phil. Tranſ. Ne 181. 


83. Winds 
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83. Winds are either conſtant or variable, general or particular. 

Conſtant winds are ſuch as blow the ſame way, at leaft for one or more 
days; and variable winds are ſuch as frequently ſhift within a day. 

A general wind is that which blows the ſame way over a large tract of 
the Earth, almoſt the whole year. | Fn fs 

A particular wind is that which blows in any place, ſometimes one 

way, and ſometimes another, indifferently. | 

If the wind blows gently, it is called a breeze; if it blows harder, it 
is called a gale, or a ſtiff gale; and if it blows very hard, it is called a 
ſtorm *. 1 8 IE | 
84. The following obſervations on the wind have been made by ſ{kil. 
ful feamen; and particularly by the great Dr. Halley. | 

Iſt. Between the limits of 60 degrees, namely, from 30® of horth lati- 
tude to 30% of ſouth latitude, there is a conftant eaſterly wind throughout 
the year, blowing on the Atlantic and Pacific Oceans; and this is called 
the trade-wind. | | | ; 

For as the Sun, in moving from eaſt to weft, heats the air more im- 
mediately under him, and thereby expands it; the air to the eaſtward is 
conſtantly ruſhing toward the weſt to reſtore the equilibrium, or natural 
ſtate of the atmoſphere ; and this occaſions a perpetual eaſterly wind in 
thoſe latitudes. . Re | 

2d. The trade-winds near the northern limits blow between the north 
and eaſt; and near the ſouthern limits they blow between the ſouth and 
eaſt. 1 . 

For as the air is expanded by the heat of the Sun near the equator; 
therefore the air from the northward and ſouthward will both tend to- 
ward the equator to reſtore the equilibrium. Now thoſe motions from 
the north and ſouth, joined with the foregoing eaſterly motion, will pro- 
duce the motions obſerved near the ſaid limits between the north and eaſt, 
and between the ſouth and eaſt. 1 | 

zd. Theſe general motions of the wind are diſturbed on the continents, 
and near their coaſts. | | 5 195 

For the nature of the ſoil may cauſe the air to be either heated or 
cooled; and hence will ariſe motions that may be contrary to the fore- 
going general one. 1 | 

4th. In ſome parts of the Indian ocean there are periodical winds, 
called MoxsooNs; that is, ſuch as blow one half the year one way, and 
the other half-year the contrary way. : | 8 | 

For air that is cool and denſe, will force the warm and rarefied air in 
a continual ſtream upwards, where it muſt ſpread itſelf to preſerve the 
equilibrium: ſo that the upper courſe or current of the air ſhall be con- 
. trary to the under current; for the upper air muſt move from thoſe parts 
where the greateſt heat is; and ſo, by a kind of circulation, the N. E. 
trade-wind below will be attended with a 8. W. above; and a S. E. be- 
low with a N. W. above: and this is confirmed by the experience of 
ſeamen, who, as ſoon as they get out of the trade-winds, immediately 
find a wind blowing from the oppoſite quarter. SHE 


2 


— — — n 
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* The ſwiftneſs of the wind in a ſtorm is not more than 50 or 60 miles in 
an hour; and a common briſk gale is about 15 miles an hour, 
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sth. In the Atlantic ocean near the coaſts of Africa, at about 100 
leagues from the ſhore, between the latitudes of 28 and 10 north ſea- 
men conſtantly meet with a freſh gale of wind blowing from the N: E. 

6th. "Thoſe bound to the Caribee Iſlands, acroſs he Atlantic ocean 
find, as they approach the American fide, tnat the aid N. E, wind be. 
comes eaſterly ; or feidom blows more than a point from the eaſt either 

to the northward or ſouthward. | As | 

Theſe trade-winds, on the American ſide, are extended to 30, 31, or 
even to 325 of N. latitude; which is about 4 farther than what they 
extend to on the African fide. Allo to the ſouthward of the equator, the 
trade-winds extend 3 or 4 degrees farther toward the coaſt of Brafil on 

the American fide, than they do near the Cape of Good Hope on the 
African ſide. = | 
7th. Between the latitudes of 4% North, and 4* South, the wind al- 
ways blows between the fouta and caſt : on the African {ide the winds 
are nezreſt to the ſouth ; and on the American ſide neareſt to the eaſt. 
In theſe ſeas Dr, Halley obſerved, that when the wind was eaſtward, the 
weather was glovmy, dark, and rainy, with hard gales of wind; but when 
the wind veered to the ſouthward, the weather generally became {ercne, 
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with gentle bree zes next to a calm. ; 
Theſe winds are ſomewhat changed by the ſeaſons of the year ; for 
when the Sun is far northward, the Braſil S. E. wind gets to the ſouth, 
and the N. E. wind to the eaſt ; and when the Sun is far ſouth, the S. E. 
wind gets to the eaſt, and the N. E. winds on this ſide of the equator veer 
more to the north, | "To 
8th. Along the coaſt of Guinea, from Sierra Leon to the Iſland of St, - 
Thomas 5 the equator) which is above 500 leagues, the ſoutherly and 
ſouth-weſt winds blow perpetually. For the S. E. trade-wind having 
paſſed the equator, and approaching the Guinea coaſt within 80 or 100 
leagues, inclines toward the ſhore, and becomes ſouth, then 8. E. and by 
degrees, as it comes near the land, it veers about to ſouth, S. 8. W. and 
in with the land it is S. W. and ſometimes V. S. W. This tract is 
troubled with frequent calms, violent ſudden guits of wind, called Torna- 
does, blowing from all points of the horizon. | | 
The reaſon why the wind ſets in weſt on the coaſt of Guinea, is, in 
all probability, owing to the nature of the coaſt, which being greatly 
Z heated by the Sun, rarefies the air exceedingly; and conſequently the cool 
air from off the ſea will keep ruſhing in to reitore the equilibrium. 
9th. Between the 4th and 10th degrees of north latitude, and between 
the longitudes of Cape Verd, and the eaſtermoſt of the Cape Verd iſles, 
there is a tract of ſea which ſeems to be condemned to perpetual caims, 
attended with terrible thunder and lightnings, and ſuch frequent rains, 
; that this part of the ſea is called the Rains. Ships in ſailing theſe 
6 degrees have been ſometimes detained whole months, as it is re- 
ported. Es | 5 
The cauſe of this feems to be, that the weſterly winds ſetting in on 
| this coaſt, and meeting the general eaſterly wind in this tract, balance 
| each other, and ſo cauſe the calms ; and the vapours carried thither by 
z each wind meeting and condenſing, occaſion the almoſt conſtant rains. 
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The laſt three obſervations ſhew the reaſon of two things which 


mariners experience in failing from Europe to India, and in the Guinea 


trade. [| 


Firſt. The difficulty which ſhips in going to the ſouthward, eſpecially | 
in the months of July and Auguſt, find in paſting between the coaſt of 


Guinea and Braſil, notwithſtanding the width of this ſea is more than 
500 leagues. This happens, becauſe the 8. E. winds at that time of the 


woe commonly extend ſome degrees beyond the ordinary limits of 4 N. 


atitude; and beſides come ſo much ſoutherly, as to be fometimes ſouth, 


ſometimes a point or two to the weſt; it then only remains to ply to 
windward. And if, on the one fide, they ſteer W. S. W. they get a 


wind more and more eaſterly; but then there is a danger of falling in 


with the Braſilian coaſt, or ſhoals; and if they ſteer E. S. E. they fall 


into the neighbourhood of the coaſt of Guinea, from whence they cannot 


depart without runing eaſterly as far as the iſland of St. Thomas; and 


this is the conſtant practice of all the Guinea ſhips. | 


þ Secondly. All ſhips departing from Cuinea for Europe, their direct 
courſe is northward; but on this courſe they cannot go, becaufe the 


coaſt bending nearly eaſt and weſt, the land is to the northward: 
therefore as the winds on this coaſt are generally between the S. and 


W. S. W. they are obliged to ſteer S. S. E. or ſouth, and with thefe 


courſes they run off the ſhore; but in ſo doing they always find the 


winds more and more contrary; ſo that when near the ſhore, they can 


lie ſouth, at a greater diſtance they can make no better than S. E. and 
afterwards E. S. E.; with which courſes they commonly fetch the iſland 


of St. Thomas and Cape Lopez, where finding the winds to the eaſt- 


ward of the ſouth, they ſail weſterly with it, until they come to the 
latitude of 4 degrees ſouth, where they find the S. E. wind blowing per⸗ 
petually. | | | 


On account of theſe general winds, all thoſe who uſe the Weſt India 
trade, even thoſe bound to Virginia, reckon it their beſt courſe to get as 


| ſoon as they can to the ſouthward, that ſo they may be certain of a fair 
and freſh gale to run before to the weſtward. And for the ſame reaſon * 


the hameward-bound ſhips from America endeavour to gain the latitude 
of 30 degrees, where they firſt find the winds begin to be variable; 


though the moſt ordinary winds in the north Atlantic ocean come from 


between the ſouth and weſt, 1 | 

Toth. Between the ſouthern latitudes of 10 and 3o degrees in the In- 
dian ocean, the general trade-wind about the S. E. by S. is found to blow 
all the year long in the fame manner, as in the like latitude in the Ethi- 
opic ocean: and during the fix months from May to December, theſe 
winds reach to within 2 degrees of the equator z but during the other ſix 


months, from November to June, a N. W. wind blows in the tract lying | 
between the 2d and 10th degrees of ſouthern latitude, in the meridian of 


the north end of Madagaſcar : and between the 2d and 12th degree of 
ſouth latitude, near the longitude of Sumatra and Java, 8 5 


. Bf „.. 
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IIth. In the tract between Sumatra and the African coaft, and from 
degrees of ſouth latitude quite northward to the Aſiatic coaſts, including 
the Arabian ſea and the Gulf of Bengal, the Monſoons blow from Sep- 


tember to April on the N. E.; and from March to October on the S. W. 


In the former half year the wind is more ſteady and gentle, and the 
weather clearer than in the latter ſix months; and the wind is more 
ſtrong and ſteady in the Arabian ſea than in the Gulf of Bengal. 


12th. Between the Iſland of Madagaſcar and the coaſt of Africa, and 
thence northward as far as the equator, there is a tract, where from 
April to October there is a conſtant freſh 8. S. W. wind; which to the 


northward changes into the W. S. W. wind, blowing at that time in the 


Arabian ſea. 


13th. To the eaſtward of Sumatra and Malacca, on the north of the 
equator, and along the coaſts of Cambodia and China, quite through 
the Philippines as far as Japan, the Monſoons blow northerly and 
ſoutherly, the northern ſetting in about October or November, and the 
ſouthern about May; the winds are not quite ſo certain as thoſe in the 
Arabian ſeas. 5 | 


Iath. Between Sumatra and Java to the weſt, and New Guinea to the 
eaſt, the ſame northerly and ſoutherly winds are obſerved ; but the firſt 
half year Monſoon inclines to the N. W. and the latter to the S. E. 
Theſe winds begin a month or fix weeks after thoſe in the Chineſe ſeas 
ſet in, and are quite as variable. . 


15th. Theſe contrary winds do not ſhift from one point to its oppoſite 
z} at once; in ſome places the time of- the change is attended with 
calms, in others by variable winds, And it often happens on the ſhores 
of Coromandel and China towards the end of the Monſoons, that there 


are moſt violent ſtorms, greatly reſembling the hurricanes in the Weſt 
Indies; when the wind is fo vaſtly ftrong, that hardly any thing can reſiſt 


its force, 


All navigation in the Indian ocean muſt neceſſarily be regulated by 
theſe winds ; for if mariners ſhould delay their voyages till the contrary 
Monſoon begins, they muſt either ſail back, or go into harbour, and wait 
for the return of the trade-wind. | 
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TECTION Vit . 
Of the Tides. 


35. A Tips is that motion of the waters in the ſeas and rivers, by 


which they are found regularly to riſe and fall. © 
The general cauſe of the tides was diſcovered by Sir Iſaac Newton, 
- and is deduced from the following conſiderations: 

86. Daily experience ſhews, that all bodies thrown upward from the 
Earth, fall down to its ſurface in perpendicular lines; and as lines per- 
pendicular to the ſurface of a ſphere tend toward the center, therefore the 
lines, along which all heavy bodies fall, are directed toward the Earth's 
center, 

As theſe bodies apparently fall by their weight, or gravity; therefore 
the law by which they fall, is called the Law of GRaviITaTION, 
87. A piece of elats, amber, or ſealing-wax, and ſome other things, 
being rubbed againſt the palm of a hand, or againſt a woollen cloth, 
until they are warmed, will draw bits of paper or other light ſubſtances, 
towards them, when held ſufficiently near thoſe ſubſtances, | 
Alſo a magnet, or loadſtone, being held near the filings of iron or ſteel, 

or other ſmall pieces of theſe metals, will draw them to itſelf; and a piece 

of hammered iron or ſtzel, that has been rubbed by a magnet, will have a 
like property of drawing iron or ſteel to itſelf. And this property is 
called ATTRACTION, | | | 

88. Now as bodies by their gravity fall toward the Earth, it is not 
improper to ſay the Earth attracts thoſe bodies; and therefore in reſpect 
to the Earth, the words gravitation and attraction may be uſed one for the 
other, as by them is meant no more than the power, or law, by which 
bodies tend toward its center. 5 Wy | 

And it is likely, that this is the cauſe why the parts of the Earth adhere 
and keep cloſe to one another.. = | 
89. The incomparable Sir Iſaac Newton, by a ſagacity peculiar to 
himſelf, diſcovered frem many obſervations, that this law of gravitation or 

_- attraction was univerſally diftuſed throughout the ſolar ſyſtem ; and that 

the regular motions obſerved among the heavenly bodies were governed 
by this ſame principle; ſo that the Earth and Moon attracted each other, 
and both of them are attracted by the Sun. He diſcovered alſo that the 
force of attraction, exerted by theſe bodies one on the other, was leſs and 
leſs as the diſtance increafed, in proportion to the ſquares of thoſe diſ- 
tances; that is, the power of — at double the diſtance was four 
times leſs, at triple the diſtance nine times leſs, at quadruple the diſtance 
ſixteen times leſs, and ſo on. | 


9o. Now as tbe Earth is attracted by the Sun and Moon, therefore all 


the parts of the Earth will not gravitate toward its center in the ſame 
manner, as if thoſe parts were not affected by ſuch attractions. And it 


is very evident that, were the Earth entirely free from ſuch actions of the 


Sun and Moon, the ocean being equally attracted toward its center, on 
all ſides, by the force of gravity, would continue in a perfect ſtagnation 
without ever ebbing or flowing. But ſince the caſe is otherwiſe, the watet 


in the ocean muſt needs riſe higher in thoſe places where the Sun and 
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Moon diminiſh its gravity, or where the Sun and Moon have the greateſt 


attraction. 3 | : 5 

As the force of gravity muſt be diminiſhed moſt in thoſe parts of the 
Earth to which the Moon is neareſt, that is, where ſhe is in the ZENITR, 
or vertical, and, conſequently, where her attraction is moſt powerful ; 


therefore the waters in ſuch places will riſe higheſt, and it will be full ſea © 


or flood in ſuch places. 


91. The parts of the 


is in the Zenith, will have the flood, or high water, at the ſame time. 

For either half of the Earth would gravitate equally toward the other 
half were they free from all external attraction. 

But by the action of the Moon, the gravitation of one half-earth toward 
its center is diminiſhed, and of the other is increaſed. 

Now in the half-earth next the Moon, the parts in the zenith being 
moſt attracted, and thereby their gravitation toward the Earth's center 


diminiſhed, the waters in theſe parts mult be higher than in any other 


part of this half-earth, | | 

And in the half- earth fartheſt from the Moon, the parts in the nadir 
being lefs attracted by the Moon than the parts nearer to her, gravitate 
leſs toward the Earth's center, and conſequently the waters in theſe 
parts muſt be higher than they are in any other part of this half-earth. 

92. Thoſe parts of the Earth, where the Moon appears in the horizon, or 
is 90 degrees diſtant from the zenith and nadir, will have the ebbs or loruęſt 
waters. 5 | 


For as the waters in the zenith and nadir riſe at the ſame time, 


the waters in their neighbourhood will - preſs toward thoſe places to 
maintain the equilibrium; and to ſupply the places of theſe, others will 


move the fame way, and ſo on to places of go? diſtant from the faid. 


zenith and nadir; conſequently, in thoſe places where the Moon 


appears in the horizon, the waters will have more liberty to deſcend 


toward the center; and therefore in thoſe places they will be the 
loweſt. ID: 5 5 

93. Hence it plainly follows, that the ocean, if it covered the ſurface 
of the Earth, muſt put on a ſpheroidal, or egg-like figure; in which 
the longeſt diameter paſſes through the place where the Moon is vertical; 


and the ſhorteſt diameter will be in the horizon of that place. And 


as the Moon apparently ſhifts her poſition from eaſt to weſt in going 
round the Earth every day, the longer diameter of the ſpheroid follow- 
ing her motion, will occaſion the two floods and ebbs obſervable in about 
every 25 hours, which is about the length of a lunar day, or the time 
ſpent between the Moon's leaving the meridian of any place, and coming 
to it al. TIE | | / 


94. Hence the greater the Moon's meridian altitude is at any place, 


the greater thoſe tides will be which happen when ſhe is above the ho- 


rizon ; and the greater her meridian depreſſion is, the greater will thoſe 
tides be which happen while ſhe is below the horizon. Ea, 
Moreover the ſummer day, and the winter night-tides have a ten- 


dency to be higheſt, becauſe the Sun's ſummer altitude and his winter | 


depreſſion are greateſt ; but this is more eſpecially to be noted when the 
| 6 | 1 Moon 


Earth direct) under the Moon, and alſo theſe in her 
NaDiR, viz. ſuch places as are diametricaily oppoſite to thoſe where the Moon 
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Moon has north declination in ſummer, and ſouth declination in 
winter, 

95. The time of high water is not preciſely. at the time of the Moon's 
coming to the meridian, but about an bour after. 

For the moon acts with ſome force after ſhe has paſt the meridian, 
and by that means adds to the libratory, or waving motion, which ſhe. 


had put the water into, whilſt ſhe was in the meridian ; in the ſame : 
manner as a ſmall force applied upward to a ball, already raiſed to ſome 


height, will raiſe it ſtill higher. 
96. The tides are greater than ordinary twice every month ; that i is, abext 
the times of new and full Moon : theſe are called SpRInNG-T1ipes. 
For at theſe times the ctions of both Sun and Moon concur to draw 
in the ſame right line ; and therefore the ſea muſt be more elevated. In 
conjunction, or when the Sun and moon are on the ſame fide of the Earth, 


they both conſpire to raiſe the water in the zenith, and conſequently in 


the nadir. And when the Sun and Moon are in pp tion, that is, when 


the Earth is between them, whilſt one makes high water in the zenith 


and nadir, the other does the ſame in the nadir and zenith. 

7. The tides are leſs than ordinary twice every month; that is, about the 
times of the firft and laſt quarters of the Moon and theſe are called Near 
TIDEs. 

Becauſe in the quarters of the Moon the Sun raiſes the water where 
the Moon depreſſes i it; and depreſies where the Moon raiſes the water; 
{o that the tides are made only by the difference of their actions. 

It muſt be orſerved, that the ſpring tides happen not directly on the 


new and full moons, but rather a day or two after, when the attractions. 


of the Sun and Moon have conſpired together for a conſiderable time, 


In like manner the neap tides happen a day or two after the quarters, 


when the Moon's attraction has been leſſened by the Sun for ſeveral days 
together. 


98. When the Moon is in ber Paxrozum, or neareſt approach to the 


Earth, the tides increaſe more than in the fame circumſtances at other times. 


For according to the laws of pravieations the Moon muſt attract moſt 
when ſhe is nezreſt to the Earth, | 


. The ſpring-tides are greater about the time WF the Equioxes, that 


75, about the latter ends of March and September, than at other times of the 


year; and the neap-tides then are leſs. 


Becauſe the longer diameter of the ſpheroid, or the two oppoſite 
floods, will at that time be in the Earth's equator ; and conſequently 
will deſcribe a great circle of the Earth; by the diurnal: rotation of 
which thoſe floods will move ſwifter, deſcribing a great circle in the 
fame time they uſed to deſcribe a leſſer circle parallel to the equator, and 


conſequently the waters being thrown more forcibly you.” the ſhores, 


mult riſe higher. 


tides 

2d. The new and full Moon ſpring tides riſe to. cifferent heights. CO 

F In winter the morning tides are higheſt, 5 I 
4th. 


* 


100. The following obſferyations have been made on the riſe of the 
tides: | 


rſt. The n morning tides generally differ i in their riſe from the evening | 


Book VI. GEOGRAPHY; 1 
4th. In ſummer the evening-tides are higheſt. | N 
So that after a period of about ſix months the order of the tides is 
inverted ; that is, the riſe of the morning and evening-tites will change 
proce, 8 winter morning high-tides becoming the ſummer evening 
18 -tides. 1 : x . 
Some of theſe effects ariſe from the different diſtances of the Moon 
from the Earth after a period of ſix months, when ſhe is in the ſame 
ſituation with reſpect to the Sun; for, if ſhe is in perigee at the time of 
new Moon, in about ſix months after ſhe will be in perigee about the time 
of full Moon. | | | 
Theſe particulars being known, a pilot may chuſe that time, which is 
moſt convenient for conducting a ſhip in or out of a port, where there is 
not ſufficient depth at low-water. 


Small inland ſeas, ſuch as the Mediterranean and Baltic, are little 


ſubject to tides; becauſe the action of the Sun and Moon is always 
nearly equal at both extremities of ſuch ſeas. In very high latitudes the 


tides are alſo very inconſiderable. For the Sun and Moon acting toward 


the equator, and always raiſing the water toward the middle of the torrid 
zone, the neighbourhood of the poles muſt conſequently be deprived of 


thoſe waters, and the ſea muſt, within the frigid zones, be low, with re- 


lation to other parts. 


101. All the things hitherto explained would exactly obtain, were the 
whole ſurface of the Earth covered with ſea. But ſince it is not ſo, and 
there being a multitude of iſlands, beſides continents, lying in the way of 
the tide, which interrupt its courſe ; therefore in many places near the 


| ſhores, there ariſes a great variety of other appearances beſide the forego- 


ing ones which require particular ſolutions, in which the ſituations of the 
ſhores, ſtraits, ſnoals, winds, and other things, muſt neceſſarily be conſi- 
dered. For inſtance: _ „ | 

102. As the ſea * has no viſible paſſage between Europe and Africa, 
let them be ſuppoſed to be one continent, extending from 78 degrees 
north to 34 degrees ſouth, the middle between theſe two would be in lati- 


tude 19 degrees north, near Cape Blanco, on the weſt coaſt of Africa. 


But it is impoſſible that the flood-tide ſhould fet to the weitward upon 
the weſtern coaſt of Africa (for the general tide following the courſe of 
the Moon muſt ſet from eaſt to weſt), becauſe the continent, for above 
so degrees, both northward and ſouthward, bounds that ſea on the eaſt ; 
therefore if any regular tide, proceeding from the motion of the ſea, from 
eaſt to weſt, ſhould reach this place, it muſt come either from the north 
of Europe ſouthward, or from the ſouth of Africa northward, to the ſaid 
latitude upon the weſt coaſt of Africa. | 

103. This opinion is further corroborated, or rather fully confirmed 
by common experience, which ſhews that the flood-tide ſets to the ſouth- 


ward along the weſt coaſt of Norway, from the north cape to the Naze, 


or entrance of the Baltic Sea, and fo proceeds to the fouthward along the 
eaſt coaſt of Great Britain, and in its paſſage ſupplies all thoſe ports with 
the tide one after another, the coaſt of Scotland having the tide firſt, be- 
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but at Tinmouth Bar, the ſame day, not till 3h. From thence rollin 
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cauſe it proceeds from the northward to the ſouthward ; and thus on the 
days of the full, or change, it is high-water at Aberdeen at 12h. 45m. 
t 
the ſouthward, it makes high-water at the Spurn a little after Shs but 
not till Gh. at Hull, by reaſon of the time required for its paſſage up the 
river; from thence paſſing over the Welbank into Yarmouth Road, it 
makes high-water there a little after 8 h. but in the Pier not till ꝙ h., and 
it requires near an hour more to make high-water at Yarmouth town; in 
the mean time ſetting away to the ſouthward, it makes high-water at 


Harwich at 10h. 30 m., at the Nore at 12, at Graveſend 1 h. 30 m., and 
at London at 3h. all on the ſame day. And although this may ſeem to 


contradict that hypotheſis of the natural motion of the tide being from 


eaſt to weſt, yet as no tide can flow weſt from the main continent of Nor- 


way or Holland, or out of the Baltic, which is furrounded by the main 
continent, except at its entrance, it 1s evident that the tide we have been 
now tracing by its ſeveral ſtages from Scotland to London, is ſupplied by 
the tide, the original motion of which is from eaſt to weſt; yet as water 
always inclines to the level, it will in its paſſage fall toward any other 


point of the compals, to fill up vacancies where it finds them, and yet not 


contradict, but rather confirm, the firſt hypotheſis. 

104. While the tide, or high-water, is thus gliding to the ſouthward 
along the eaſt coaſt of England, it allo ſets to the ſouthward along the 
weſt coaſts of Scotland and Ireland, a branch of it falls into Sr. George's 


channel, the flood running up north-eaſt, as may be naturally inferred 


from its being high-water at Waterford above three hours before it is 
high-water at Dublin, or thereabout, on that coaſt; and it is three 
quarters of an hour ebb at Dablin before it is high-water at the Ie of 
Man, &c. | ; | 
Put not to proceed farther in particulars than to our own, or the 
Britiſh channel, we find the tides ſet to the ſouthward from the coaſt of 
Trel:nd, and in their paſſage a branch falls into the Erit:þþ channel be- 
tween the Lizard and Uſhart; this progreſs to the ſouthward may be 
eaſily proved, by its being high-water on the day of the full and changes 


at Cape Ciear a little after 4h., and at U/hant about 6h., and at the 


Lizard after 7h. The Lizard and Ußbant may properly be called the 
chaps of the Britiſb channel, between which the flood ſets to the eaſtward 
along the coaſts of England and France till it comes to the Goodwin or 
Galloper, where it meets the tide before mentioned, which ſets to the 
ſouthward along the eaſtern coaſt of England to the Downs, where theſe 
two tides meeting, contribute very much towards ſending a poweriul tide 


up the river Thames to London. And when the natural courſe of theſe 


two tides has been interrupted by a ſudden ſhift of the wind, by which 
means that tide was accelerated which had before been retarded, and that 
driven back which was before hurried in by the wind, it has been known 
to occaſion twice hizh-water in 3 or 4 hcurs, which, by thoſe who did 


not conſider this natural cauſe, was looked upon as a prodigy, 


105. But now it may be objected, that this courſe of the flood-tide, 


_ eaſt, or eaſt-north-eaſt, up the channel, is quite contrary to the hypo- 


theſis of the general motion of the tides being from eaſt to weſt, and con- 
quently of its being high-water where the moon is vertical, or any 
where elſe in the meridian. | | 5 


Book Vu GEOGRAPHY. 


In anſwer. This particular direQion of any branch of the tide does 
not at all contradict the general direction of the whole; a river, with 
a weſtern courſe, may ſupply canals which wind north, ſouth, or even 
eaft, and yet the river keep its natural courſe; and if the river ebbs and 
flows, the canals ſupplied by it would do the ſame, although they did 
not keep exact time with the river, becauſe it would be flood, and the 


river advanced to ſome height, before the flood reached the farther part 


of the canals; and the more remote the canals are, the longer time it 
would require; and it may be added, that if it was high-water in the 
river juſt when the Moon was on the meridian, ſhe would be far paſt it 
before it could be high-water in the remoteſt part of thoſe canals, or 
ditches, and the flood would ſet according to the courſe of thoſe canals 
that received it, and could not ſet weſt up a canal of a different poſition 
and as St. George's channel, the Britiſh channel, &c. are no more in 
proportion to the vaſt ocean, than theſe canals are to a large navigable 
river; it will evidently follow, that among thoſe obſtructions and con- 


finements the flood may ſet upon any other point of the compaſs as well 


as weſt, and may make high-water at any other time as well as when 


the Moon is upon the meridian, and yet no way contradict the general 
theory of the rides before aſſerted. | 


106. When the time of high-water at any place is, in general, men- 


tioned, it is to be underſtood on the days of the ſyzygies, or days of new 
and full Moon, when the Sun and Moon paſs the meridian of that place 


at the ſame time. Among pilots it is cuſtomary to reckon the time 
of flood, or high-water, by 'the point of the compaſs the Moon is on at 
that time, allowing + of an hour for each point: "Thus on the full and 
change days, in places where it is flood at noon, the tide is ſaid to low 


north and fouth, or at 12 o'clock; in other places, on the ſame days, 


where the Moon bears 1, 2, 3, 4, or more points to the eaſt or welt of the 
meridian, when it is high-water, the tide is ſaid to flow on ſuch point: 


Thus, if the Moon bears S. E. at flood, it is ſaid to low S. E. and N. W., 


or 3 hours before the meridian, that is, at ꝙ o'clock ; if it bears 8. W., it 
flows 8. W. and N. E., or at 3 hours after the meridian; and in like 


manner for other points of the Moon's bearing. | 


107. In ſome places it is high water on the ſhore, or by the ground, 
while the tide continues to flow in the ſtream, or ofing ; and according 
to the length of time it flows longer in the ſtream than on the ſhore, it is 
ſaid to flow tide, and ſuch part of tide; allowing 6 hours to a tide ; 
Thus 3 hours longer in the offing than on the ſhore, make tide and half= 
tide; an hour and half longer make tide and quarter-tide ; three quar- 
ters of an hour longer make tide and half-quarter tide; &c, : 

108. Along an extent of coaſt next to the ocean, ſuch as the weſtern 
coaſt of Africa, and the eaſtern and weſtern coaſts of South America, 
it is generally high-water about the ſame hour. But ports on the coaſts 
of narrow ſeas, or within land, have the times of their high-water 
ſooner or later on the ſame day, according as thoſe ports are farther re- 
moved from the tide's way, or have their entrances more or leſs con- 
tracted. 5 ES | | . . 3 

109. The times of high-water, in any place, fall about the ſame hours 
aſter a period of 15 days nearly, which 3 time between one * 

2 ; 
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tide and another : no during FI period, the times of TD fall 
each day later by about 48 minutes. 

110. From the obſervations of different perſons, the times when it is 
high-water on the days of the new and full Moon, on moſt of the ſea- 
coaſts of Europe, and many other places, have been collected. Theſe 
times are uſually put in a table againſt the names of the places, digeſted 
in an alphabetical order; the like is followed in this work, only they are 
not given in a table by: themſelves, but make a column in the table of 
the latitudes and longitudes of places; which column is not filled u 
againſt many of the names in that table, for want of a ſufficient collection 
of obſervations. © This ** be ſupplied by thoſe who have opportunity 
and inclination. 

The uſe of ſuch a table is to find the time when it is high-water at 
any of the places mentioned in it. But as this depends upon knowing 
the time when the Moon comes to the meridian, and this on the Moon's 
age, and this on the knowledge how to find ſome of the common notes 
in the Calendar; therefore it was thought convenient to introduce in 
this place a compendium. e of Chronology, containing the ſeveral articles 
above-mentioned, 


SECTION VIII. 
Of Chronology. 


111. CHRONOLOGY is the art of eſtimating, and comparing together, 
the times when remarkable events have happened, ſuch as are related in 
hiſtory. 

An ERA, or ErochA, is a time when ſome memorable ande dien 
occurred; and from which ſome nations date and meaſure their com- 
putations of time. | | 

| Years of | Years | 
the Julian] before 
Period. | Chrift, 


. 
— 


Some have dated their events from the creation 3 
of the world, and ſuppoſe it to have happened ? 7 4004 
Others, from the deluge or lood —  — | 2366. | 2348 


The Greeks, from their Ol ds of 
= e m » from their Dk S Or 4 m_ 3938 776 
The Romans, from the being of Rome — [3961753 
The Aſtronomers, from Nabonaſlar king of 
Babylon UN > . _ d 3967 747 
Some Hiſtorians, from the death of Alexander 2 | 
the Great. aa 4 | 4390 324 


The Chriſtians, from the » birth of Chriſt — 4713 A. D. 
The Mahometans, from the flight of Maho- | "I 
met, called the Hegira = {| 5335 | 


— 


In 
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and this interval they called a year, | 
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In order to aſſign the diſtance between theſe, and other events, the an- 
cients found it neceſſary to have a large meaſure of time, the limits of 
which were naturally pointed out to them by the return of the ſeaſons, 


112. The moſt natural diviſion of the year appeared to them to be 
the returns of the new Moon; and as they obſerved 12 new Moons to 
happen within the time of the general return of the ſeaſons, they there- 
fore firſt divided the year into 12 equal parts, which they called months; 
and as they reckoned about 30 returns of morning and evening between 


the times of the new moon and new moon, therefore they reckoned their 


month to conſiſt of 30 days, and their year, or 12 months, to contain 
360 days; and this is hat is generally underſtood by the lunar year of 
the ancients. | | | 

113. But in length of time it was found, that this year did not agree 
with the courſe of the ſun, the ſeaſons gradually falling later in the year 
than they had been formerly obſerved; this put them upon correcting the 
method of eſtimating their year, which they did from time to time, by 


taking a day or two from the month, as often as they found it too long 


for the courſe of the moon ; and by adding a month, called an intercalary 
month, as often as they found 12 lunar months to be too ſhort for the 
return of the four ſeaſons and fruits of the Earth. This kind of year, fo 


| corrected from time to time by the prieſts, whoſe buſineſs it was, is what 


is to be underſtood by the luni ſolar year; which was anciently uſed in 
moſt nations, and is ſtill among the Arabs and Turks. 

As a great variety of methods was uſed in different countries to correct 
the length of the year, ſome by intercalating days in every year, and 
others by inſerting months and days in certain returns, or periods of years; 


and theſe different methods being obſerved by ſome eminent men to 


create a conſiderable difference in the accounts of time kept by neigh- 


bouring nations, introducing a confuſion in the chronological order of 


times, they therefore iavented certain periods of years, called cycles, with 


which they compared the moſt memorable occurrences. 


114. At length Julius Cæſar obſerving the confuſion which this va- 
riety of accounts occaſioned, and knowing that his order, as Emperor of 
the Romans, would be followed by a very conſiderable part of the world; 


he therefore, about 40 years before the birth of Chriſt, decreed that 


every fourth year ſhould conſiſt of 366 days, and the other three of 


365 days each. This he did in conſequence of the information given 


him by Seſigenes, an eminent mathematician of Alexandria in Egypt; for 


at that time the philoſophers of the Alexandrinian ſchool knew from 
a length of experience, that the year conſiſted of about 365 days and a 
quarter; and this was the reaſon of ordering every fourth year to conſiſt 


of 366 days, thereby compenſating for the quarter day omitted in each 
of the preceding three years. This method, called the Julian Account, 
or Old Stile, continued to be uſed in moſt Chriſtian ſtates until the year 
1582. | | 

The Aſtronomers, ſince the time of Julius Cæſar, have found that the 


true length of the ſolar year, or common year, is 305 days, 5 hours, 


48 minutes, 55 ſeconds, nearly; being leſs than the Julian, of 365 days, 
b hours, by about 11 minutes, 5 ſeconds, which is about the 1 30th 
"= Cc 3 — 
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part of 86,400, the ſeconds contained in a day; fo that in 130 Julian 
years there would be one day gained above 130 ſolar years; and in 400 
Julian years there weuld be gained 3 days, 1 hour, 53 minutes, 20 
ſeconds; conſequently one day omitted in every 130 common years, 
would bring the current account of time to agree very nearly with the 
mation of the Sun. | | | 

115. In the year of our Lord 325, when the Council of Nice ſettled the 
day for the celebration of Eaſter, the Vernal Equinox (that is, the day 
in the ſpring when the Sun roſe at ſix and ſet at fix) happened on the 
21ſt of March; but about the year 1580 the Vernal Equinox fell on the 
T1ith of March, making a difference of about 10 days. Now Gregory 
the XIIIth, who was Pope at that time, obſerving that this difference of 
time in the falling out of the Equinox would affect the intention of the 
Nicene Ccuncil, concerning the time of the year appointed by them for 
the celebration of Eaſter ; he therefore, in the year 1581, publiſhed a 
Bull, ordering that in the year 1582, the 5th of October ſhould be called 
the 15th, and fo on; thus the 10 days taken off would cauſe the time of 
the Vernal Equinox to fall on the 21ſt of March, as at the time of the 
NAcene Council: and becauſe a little more than three days were gained 
in every 400 years by the Julian account; therefore to prevent any 
future difference, every century, or number of 1co years, not diviſible 
by 4, ſuch as 17 hundred, 18 hundred, 19 hundred, &c. ſhould con- 
tain only 365 days, which, by the Julian account, ſhould have con- 
tained 360; and the centuties diviſible by 4, ſuch as 16 hundred, 20 
hundred, 24 hundred, &c. ſhould be leap-years of 366 days ;. and thus 
the three days would be omitted, which the anticipation of the equinoxes 
would gain in 400 years; the ſmall exceſs of 1 hour, 53 minutes, 20 
ſeconds, not amounting to a whole day in leſs than 5082 years, being 
rejected as inconſiderable; the intermediate years to be reckoned as they 
uſed to be in the Julian or Old Stile. This Pope's alteration, called the 
Gregorian or New Stile, was received in moſt of the Chriſtian ſtates : 
But ſome at that time choſe to continue the Julian; among whom were 
the Engliſh ; and they, in the year 1752, reformed their account, and 
introduced among themſclves a new one, that nearly correſponds with the 
Gregorian. | | | 
A certain length of the year being once ſettled, and a regular account 
of time in conſequence of it being io fitted, as to conform invariably to 
the ſeaſons; it was natural for the States who received ſuch account, to 
fit to it a regiſter of the days in each month, and to note the days when 
any remarkable occurrence was to be commemorated ; and ſuch regiſter 
has obtained the name of Calendar. 

116. The Calendar now in uſe among moſt of the Chriſtian ſtates 
conſiſts of 12 months, called January, February, Marcb, April, May, 
June, July, Auguſt, September, Oficber, November, December; theſe 
months are called civil, the number of days in each may be readily re- 
membered by the following rule. | 

117. Thirty days has September, April, une, and November ;. 

February has twenty-eight alone: All the 1eſt have thirty-one; 

When the year conſiſts of 365 days : But in every fourth, which con- 

ſiſts of 366 days, February has 29. This additional day was . 
| 1 1 f | | late 
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lated after the 24th of February, which in the Old Roman Calendars was 
called the th of the calends of March, and being this year reckoned twice 
over, the year was called Biſſeætilis, or LEAP-VYVEAR. 1 

Beſide the months, time is alſo divided into weeks, days, hours, mi- 
nutes, &c. a year containing 52 weeks, a week 7 days, a day 24 hours, an 
hour 60 minutes, &c. . >> 

In the Calendars it has been uſual to mark the ſeven days of the week 
with the ſeven firſt letters of the alphabet, always calling the firſt of Ja- 
nuary A, the 2d B, the 3d C, the 4th D, the-5th E, the 6th F, and the 
5th G. and fo on, throughout the year: and that letter anſwering to all 
the Sundays for a year, is called the Dominical LETTER, 

According to this diſpoſition, the letters anſwering to the firſt day of 
every month in the year, will be known by the following rule: 

118. At Dover Dwelis George Brown, Eſquire, | 
Good Caleb Finch, and David Frier; | | 
Where the firſt letter of each word anſwers to the letter belonging to the 
firſt day of the months in the order from January to December. 

119. A year of 365 davs contains 52 weeks and 1 day; and a leap- 
year has 52 weeks and 2 days; therefore the firſt and laſt days of a com- 
mon year fall on the ſame week-day, ſuppoſe it Monday; then the next 
year begins on a Tueſday, the next year on Wedneſday, and ſo on to the 
eighth year, which would be on Monday again, did every year contain 

365 days; alſo the Dominical letter would run backward through all 
the ſeven letters. But this round of ſeven years is interrupted by the 
leap- years: for then February having a 29th day annexed, the firſt Do- 
minical letter in March muſt fall a day ſooner than in the common year; 
ſo that leap- year has two Dominical letters, the one (ſuppoſing G) ſerv- 
ing for January and February, and the other, which is the preceding letter 

(F) ſerving for the reſt of the Sundays in that year. | 

120. The SOLAR CYCLE, or cycle of the Sun, is a period of 28 years, 
in which all the varieties of the Dominical letters will have happened, and 
they will return in the fame order as they did 28 years before. At the 
birth of Chriſt ꝙ years had paſt in this cycle. | 

For the changes, were all the years common ones, would be 7; 

But the interruptions by leap-year being every fourth year; 
| Therefore the changes will be 4 times 7, or 28 years. | 

This return of the Dominical letter is conſtant in the Julian account. 
But in the Gregorian, where among the complete centuries, or hundredth _ 
years, only every fourth is leap-year; the other three hundred years, 
which according to the Julian, would be leap-years, are by the Gre- 
gorian only common years of 365 days: in theſe all the letters muſt be 
removed one place forward in a direct order; and either year, inſtead of 

having two Dominical letters fas ſuppoſe I), C), will have only one 
(as D), the Dominical letters moving retrograde. 
121. The Lunar CycrE, or cycle of the Moon (and ſometimes 

called the Metonic Cycle, from Meton, an Athenian, who invented it 
about 432 years before the time of Griſi), is a period of nineteen years, 
containing all the variations of the days on which the new and full 
Moons happen ; aſter which they fall on the ſame days they did 19 years 
bcfore, | 8 | 8 
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„ The Paix, or GoLDEN NUMBER, is the number of years elapſed in 
this cycle, | 0 
At the birth of Chriſi the golden number was 2. | p 
For many years after the Nicene Council, it was thought that 19 ſolar 7 
a 
a 


years, or 228 ſolar months, were exactly equal to 235 ſynodical, or lunar, 
months: and that the fame yearly golden number (et in their calendars 
againſt the days when the new Moons happened throughout one lunar 
cycle, would invariably ſerve for the new Moons of correſponding years 
throughout every ſucceſſive lunar cycle. But later obſervations ſhew, 
that this cycle is Jeſs than 19 years, by a little more than one hour, 
twenty-eight minutes; therefore, the new Moons will, in a little leſs l 
than 311 years, happen a day earlier than by the Metonic account; and : 
coniequently all the feſtivals depending on the new Moons, will in 
time be removed into other ſeaſons of the year than thoſe which they fell 
in at their firſt inititution: thus the new Moons in the year 1750 bap- 
pened above 44 days earlier than the times ſhewn by the calendar. But 
were the golden numbers, when once prefixed to the proper new Moon 
days in a Metonic period, to be ſet a day earlier at the end of every 310,7 
years, a pretty regular correſpondence might be preſerved between the f 
folar and lunar years. NET 
122. The Epacr of any year is the Moon's age the beginning of that 
year ; that is, the days paſt ſince the Jaſt new Moon. 
Ihe time between new Moon and new Moon is in the neareſt round 
numbers 294 days; therefore the lunar year conſiſting of 12 lunations 
mutt be equal to 354 days, which is 11 days leſs than the ſolar year of 
365 days. Now ſuppoſing the ſolar and lunar years to begin together, 
the epact is o; the beginning of the next ſolar year, the epact is 11; 
the 3d year the epact is 22; the fourth 33, &c. But when the epatt 
exceeds 30, an intercalary month of 30 days is added to the lunar year, 
| making it conſiſt of 13 months ; ſo that the epact at the beginning of the 
3 Ath year is only 3, the 5th 14, the 6th 25, the 7th 36, or only 6, on ac- 
count of the intercalary month ; and fo on to the end of the cycle of 19 
years; at the expiration of which the ſame epacts would run over again, 
were the cycle perfect; and the epact ould always be 11 times the 
Pi ime. | 
123. By the Nicene Council it was enacted, | 
1it. That Eaſter-day ſhould be celebrated after the vernal equinox, 
which at that time happened on the 21ſt of March. | | 
2d. That it ſhould be kept after the full, or 14th day of that Moon 
which happened firſt after the 21ſt of March in common years, and firſt 
after the 20th of March in leap- years. | 
3d. That the Sunday next following the 14th, or day of full Moon, 
ſhould be Eaſter-Sunday : which muſt always fall between the 20th or 
21ſt of March, and 25th of April. | 5 
124 The Moon's SoUTHING at any place is the time when ſhe 
comes to the meridian of that place, which is every day later by about + 
of an hour; becauſe 24, the hours in a day, being divided by 30, the num 
ber of times which ſhe paſſes the meridian between new Moon and new 
Moon, will give +=48' for the retardation of her paſſage over the meri- 
dian in one day, 


——_ ED The 
4 


Book VI. GEOGRAPHY. 369 


The Sun and Moon come to the meridian at the ſame time o 

of the change, or at new Moon; alſo the Moon comes to fo 1 | 
part of the ſame meridian, when.ſhe is in oppoſition, or at full Moon. 
Hence between new and full ſhe comes to the meridian in the afternoon x 
at full ſhe comes to the meridian at mid- night; and when paſt the full, 
after mid-night, or in the morning, , 
125. The ROMAN INDICTION is a cycle of 15 years, uſed by the an- 
cient Romans for the times of taxing the provinces. Three years of this 
cycle were elapſed at the birth of Chriſt. 

The DioNnYSIAN PERIOD is a cycle of 532 years, ariſing by multi- 
plying together 28 and 19, the ſolar and lunar cycles; it was contrived 
by Dionyſius Exiguus, a Roman abbot, about the year of Chriſt 527, as a 
period for comparing chronological events, Res 

The JULIAN PER1oD contains 7980 years; it ariſes by multiplying 
together 28, 19, 15, the cycles of the Sun, Moon, and Indiction. This 
was alſo contrived as a period for chronological matters; and its begin» 
ning falls 710 years before the uſual date of the creation. 

On the principles Jaid down in the preceding articles depend the ſolu- 
tion of the following problems, A ons | 


126. PROBLEM I. To find whether any given year 4 leap- year. 


RuLe. Divide the given year by 4; if o remains, it is leap-year; if 1, 
2, or 3 remain, it is ſo many years after. 5 
Obſerving that the years 1800, 1900, 2100, &c. are common years. 


Ex AM. I. Is 1796 leap-year? Ex AM. II. Is 1797 leap-year ? 
we 4) 1797 (449 
> 0 a 1 | 
Remains o, ſo it is leap-year. | [Remains 1 year paſt leap-year. 


127. PRoBL em II. To find the years of the ſolar, lunar, and indiction cycles. 


Ruxe. To the given year add 9 for the ſolar, 1 for the lunar, 3 for the 
indiction: Divide the ſums in order by 28, 19, 15; the remainder in 
each ſhews the year of its reſpective cycle. 


Exam. Required the years of the ſolar, lunar, and indiction cycles for 
the year 1797 © | 


1797 ap 1797 
9 -* | 1 | 3 
28) 1806664 19) 1798094 | 15)1800(120 


Remains 14==ſolar cycle. 12 lunar cyc. or golden No o indict. cycle. 
Whereby it appears 14th year of the 65th ſolar cycle ſince the 
that the year 17974 12th year of the 95th lunar cycle birth of 
is the | Iſt year of the 120th indiction cycle Chriſt. 


123, PRo- 
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128, PROBLEM III. To find the Dominical letter till the year 1800, 
RuLe. To the given year add its fourth part, divide the ſum by ); 


mak wy T5 
the remainder taken from 7 leaves the index of the letter in 
common years, reckoning A 1, B 2, C 3, &c. - i 
But in leap- year, this letter and its preceding one (in the retrograde order 


which theſe letters take), are the Dominical letters. 


Exam. I. For the year 1797. | Exam. II. For the year 1804 
4) 1797 5 ER 
449 . - ME 
7)2246(320 52255 (322 
8 | * 
Remains 6. Then 7—6 21A. Remains 1, Then 7— I = . 
So à is the Dominical letter. | So a and c are the Dominical letters, | 


After 1799 the index of A will be o, of y 1, C 2, Þ 3, &c. 


And in this manner were the following numbers computed. 
For the Dominical letters during the 18th century. i 
Solar cycles 1 2 3 4 + 6 7 i 9 10 IT. 12 13 14 
Dom. letters vc A G FE D BI AGF E D CB A 
Solar cycles 15 16 17 18 | 19 20 21 22 7 2 
Dom. letters 6 F Ep c „ OF 
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The year 1800 being a common year, ſtops the above order, and the 
following are the Dominical letters for the 19th century, | 
5 6 7 8 9 10 11 12 13 1. 

Dom. letters ED G B A GF E D C BAG F E DC B 
Solar cycles 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
Dom. letters A G FED C B AG F E D CB A G F 


129, PROBLEM IV. To find the Epact till the year 1900. 


RvuLe. Multiply the golden number for the given year by 11, and di- 
vide the product by 30; from the remainder take 11, and it 
will leave the epact. | | | 
If the remainder is leſs than 11, add 19 to it, and it gives the epact. 


Ex. I. To find the epact for 1797. | Ex. II. To find the epact for 1800, 
The Golden number is 12 (127)| The Golden number 1s 15 (127) 
Multiply by 11 Multiply by . | 
wits | © 30) 16; 
90 150 
Remains 1 | 15 
Add 11 Subtract 5 > 
Conſequently the Epact is i Remains the EpaQ-=4 


And thus might the following numbers be found. 
Gold. Ne 1 2 34 5 6 7 8 9 1011 12 13 14 15 1617 18 19. 
Epacts 291122 3 14 25 61728 920. 1 12 23 4 1520 7 18. 
The epacts here proceed by the difference 11, rejecting thirties 
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the 1415 of Oct fail, in 1797 4 
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130. Prostem V. To find the Moon's age. 


RuLE. To the epact add the number and day of the month ; ; their 
ſum, if under 3o, is the Moon's age ; 


but if it be above 30, take 30 from it, and the remaind ill 
| Moon's age, or days ſince the laſt conjunction. er will be the 


The numbers of the months, or monthly epacts, are the Moon's age 


at the beginning of "pack month, when the ſolar and lunar years begin to- 
gether 3 


2 4 6 8 10. 
And are 12 Jan. Feb. . ow May, June, July, Aug. 2 Oct. down Dec. 


Fad I. What is the Moon's age, Exam. II. What is the Moon gage 


on the 14th of October, 1797 ? on the 29th of March, 1800? 

The epact is 1 (129) The epact is 4 (129) 

The No of month 0 Then 4 +1 + 29==34 is the ſum of the 

The day of the month 14 epact, number and day of the month. 
: — And 34—30==4 is the Moon's age. 

The ſutn is 23 the Moon's 


age. 
A 131. The day of next new Moon is readily found ki taking her age 
rom 30. 

The day of new Moon it in any month is equal t to the difference between 
the ſum of the year's and month's epacts, and 30, Thus; 


On March 29, the Moon is 4 days old. 

So that new Moon is on the 25th. 

Now 4+1==5, is the ſum of the epacts. 

Then 30—5=205, the day of new * as it ſhould be, 


132. PropLew VI. The day of the ua in any year being given, ts 
know on what week-day it wil! all 


| RutE. Find the Dominical letter (128) : alſo the week day on which 
the firſt of the propoſed month falls (118); ad hence the name 
of the propoſed day of the month will be known ; obſerving 
that the 1ſt, 8th, 15th, 22d, and _ days of any month fall 
on the {ame week- days. 


Ex. I. On what day of the week does | Ex. II. In 1800 on what week- 
day does the 20th of arch all? 


Toe Dou incal leder is A. (128)| ac Lominical eiter is E. (128) 
The xt of Oftober is a, 118) [Tae 14 of March is p, (118) 
J heretore October iſt is Sunday. 1 hen March 2d is Sunday. 


Conſequently the 14th is on Saturday. And 10 March 20ch is Thorſday. 
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I 33. PROBLEM VII. To find when Eafter-day will fall in any year 


| between 1700 and 1899. 


RULE. Find what day that new Moon falls on which is neareſt to the 
21ſt of March in common years, or to the 20th in leap- years; 
then the Sunday next after the full, or 15th day of that new 

Moon, will be Eaſter- day. | jo, 

If the 15th day fall on a Sunday, the next Sunday is Eaſter-day. 


Ex. I. When does Eaſter-day fall] Ex. II. Required the time of Eaſier. 
in the year 17972 day in the year 1800? 
The Dominical letter is 4. (128) [The Dominical letter is x. (128) 
March 21, Moon's age is 23, (130) [March 21ſt, Moon's age 26. (130) 
New Moon on March 28th, | New Moon on March 25th. 
The 15th day is April 11th. Full Moon on April 8th. 
April the 1ſt is G, on Saturday. April the 1ſt is c, on Tueſday. 
Then Eaſter-Sunday is April 16th, [Then Eaſter-Sunday is April 15th. 


134. Eafter-day is always found by the Paſchal full Moons, and theſe 


are readily found in the following curious table, which was communi— 


cated to the Royal Society in the year 1750, by the Earl of Macclesfield, 


and publifhed in the Philoſophical Tranſactions for the fame year; and 
its uſe ſhewn in the following precepts, | 


% Fo find the day, on which the Paſchal limit, or full Moon, falls in 
ce 

that period of time wherein the given year is contained, for the golden 
number of that year; over- againſt which, in the ſame line continued 


<« to the column intitled Paſchal full Moons, you will find the day of the 


“% month, on which the Paſchal limit, or full Moon, happens in that 
& year. And the Sunday next after that day is Eaſter-day in that year, 
according to the Gregorian account.“ | | 

His Lordſhip alſo gave with the following table an account of the prin- 
Ciples upon which he conſtructed it; and which the more inquiſitive 
readers may conſult, if they pleaſe, | 


A TasLE, 


any given year; look, in the column of golden numbers belonging to 


\ 
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the ſeveral days on 

the Gregorian ac= 
ppen ; from the Re- 
to the year 4199, incluſive. 


A TABLE, ſhewing, by means of the Golden Numbers, 
which the Paſchal limits, or full Moons, according to 
count, have already happened, or will hereafter ha 
formation of the Calendar in the year 1582, 


Golden Numbers from tbe year 1583 to 1699, and ſo on to 4199, all incluſive. PS | 
1583|1700|1900|2200[2300|2400/2500|2600|2900[31c0|3400]|35003600|3700|3800/q100] Days of the 
to do f to f to tl to f to f do to to to to] to | to | to | to | month and 
1699) 129912 19912299[2399|2499/2.599 2892029223399 349935992699 3799 40994199 Sun. etters. 
34 — [6612 — 9 — f 1212 | 4 Nach ar C 
r / 21 Ls 22 D 
111—] 3124 — [14 — 617 — 9 — 9 — 12124 23 E 
r 24 F 
_19 —_ i 3 5 _ J | — 3 | 14 | — 6 | 17 | — 17 | —= | 9] 25 G 
S$ | 19 | = | 2 Jen | 20. } | | 14 . 26 A 
— 819 —|lI|—|in|—| 314 — 6 — 6117 — 27 B 
16 — | 819 — 19 —! 1 — 314 — 14 — 617 28 C 
5 | 16 — be 8139|—|i|—| 34 324 — 6 29 
ww 5 | 16 | — | — 8 | 19 — | 11 | — 3 | — 3 | 14 | — 30 E 
13 | — 516 — 16 — 819 —|m| — 1 —}| 3 14 31 F 
213 — [516 516 — 819 — [1 — 11 3 April 1 G 
— 213 — 5 — 5 16 — 819 — 19 — 11 - 2 A 
10 — 213 — 13 — 5 16 — 819 319 — 11 4. 
— | 1O 2113 2 | 13 | — 5126 —| 38] — | $- 19 | — 4 C 
18 — 10 — ] 2|—| 213 — 5 10 — 16 — 8 | 19 D 
7118 — 10 — 10 — 213 — 5 16 5 16 — [8 8 E 
— 718 | — 10 — 10 — 213 — 5 — 516 — 7 F 
115 — 718 — 18 — 10 — 213 — 13 —! [5 16 8 CF 
1445 — [218 718 — 10 — 213 213 —| 5 9 A 
— 415 — 7 — 7118 — 10 — 2 — 2 13 — 10 
12 — 415 — 15 — 718 — [10 — 10 — [213 11 C 
1612 — 415 415 — 718 — [10 — 10 — 2 12 D 
— 1 12 | — 4 | — 4 + 3% þ 7 18 — 13 — 10 — | 13 E 
12 112 — 12 — | 4 15 *. 7 18 7 | 18 — 10 14 F 
— 9 — | 1 | 12 I | 12 | — ig | —| 7 || 7 | 18 | — 15 G 
171 — 9 — 1 — 112 — 415 — 15 — 7| 18 16 A 
5 17 177 gl =] 9 — 1] 124 inn 17 B 
tg +4 6 | 17 g& 1217 |-0- 1-9 I 112 4 % 4 & +29 18 C 
135. PROBLEM VIII. To find the time of the Moon's ſouthing on a given 


day. 


RLE. The Moon's age in days, multiplied by o, 8, gives the time of her 
ſouthing, nearly, in hours and tenth parts. | 
That time, if leſs than 12 hours, is the time after mid-day. 
But if greater, the exceſs is the time after laſt midnight. 


Ex. I. At what time does the Moon] Ex. Il. Required the time of the 
come to the meridian of London, on the Moon's ſouthing on the 21ſt of March, 
14th of October, 1797? 1800 ? 

The Moon's age is 23 days. The Moon's age 26 days. (130) 
Which multiplied by e,8 Which multiplied by o, 8 
Moon So. 180 24 18,4 | Moon So. 201 48 20,8 

— .. | | 


| Each tenth part of an hour being 6 minutes, any number of ſuch tenth 
parts multiplied by 6, produces minutes, 1 | 
88 P 5 5% P } 1 36. PRO- 
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x36. ProBLEM IX. To find the time of high-water at any place. 
Rulz. To the time of the Moon's ſouthing add the time the Moen 


has paſſed the meridian on the full and change days to make 


high-water at that place; the ſum ſhews the time of high- 
water on the given day. | | F 


The time of high-water, on the full and change days, is found in the 


right-hand column of the geographical table, art. 137, againſt the name 


of the place. 


Ex. I. On the 1445 of October Ex. II. Required the time when it 
1797, at what time will it be high-| will be high-water at Uſtunt.on March 


water at London © 5 21/7, 1800. | 
Moon ſouths at 18h. 24m. (135)|Moon ſouths at 20h. 48m. (135) 
H. W. at Lond. 3 oo on ſyzygies High- water at Uſhant 4 30 F. M. 
| Sum 21 24 High -water at — 18 A. M. on ; 


Subtract 12 the day propoſed. 


+,i% * 
— —— FYY FI. 


H. W. at gh 24m. A.M. on the | | 1 ; Ne 
| Way propoſed. ; . 


The v. vIII. Ix. problems preceding have ſolutions, ſuch as are com- 


mon in books of pilotage, and which in ſome caſes will produce con- 
cluſions conſiderably wide of the truth; it has therefore been judged ne- 


ceſſary to conſider theſe articles in a more accurate manner in Book IX. 


ef Days works. 5 


Kerio 1K 
1 Geographical Table; 


Containing the Latitudes and Longitudes of the chief towns, iſlands, bays, 
capes, and other parts of the ſea-coaſts in the known world, col- 


lected from the moſt authentic obſervations and charts extant ; with 


the times of high-water on the days of the new and full Moon. 
The longitudes are reckoned from the meridian of London. B 
latitade and longitude of 
that place. 


y the 


Note. B. ſtands for bay; C. for cape; R. for river; P. for port: 
Pt. for point; I. for Iſle; St. for ſaint; G. for gulf - M. for 
mount; Eu. for Europe; Am. for America; Atl. for the Atlan- 


tic; Ind. for Indian; Med. Sea for Mediterranean Sea; Wh. 
Sea for White Sea; Archip. for Archipelago; Nov. Sco. for 
Nova Scotia; Phil. I. for Philippine Ifles; Adriat. for Adria- 
tic; Eng. fot England ; D. Neth. for the Dutch Netherlands : 
Beſides other contractions which will be eaſily underſtood. 


7 Names 


an iſland, or harbour, is meant the middle of 


TH 
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ES A. 
1. Abacco, J N. point 8 
or Lucayos & S. point 25 
Abbeville | Eu. 
Abbreviak Eu. 
St. Abbſhead Eu. 
I. Abdeleur Africa 
Aberdeen Eu. 
Abo Eu. 
Abrolhos Bank Am. 
Abrollo Bank, N. part Am. 
Achen Aſia 
Aden Aſia 
I. Admiralties Eu. 
Adventure Iſland Aſia 
I. Agalega, or Gallega Africa 
Agimere Aſia 
C. St. Agnes Am. 
Agra Aſia 
I. St. Aguſta Eu. 
C. Ajuga Am. 
Akerman Eu. 
B. Alagca Africa 
II. Aland | Eu. 
R. Albany Am. 
I. Aiboran Africa 
Aldborough Eu. 
85 Alderney Eu. 
Aleppo Aſia 
Alexandretta Aſia 
Alexandria Africa 
I. Algeranca Atrica 
' Algiers Africa 
| Alicant Eu. 
I. Alicur, Lipari If, Eu. 
Alkofir Africa 
B. All Saints, wy A 
Todos Sanctos = 
Almeria Eu. 
n Africa 
imits 
St. Alphonſo's Iſ. Am. 
Altur Aſia 
R. Amazons, 
mouths : os 
I. Amboyna Aſia 
Ambrym Aſia 
if. Ambroſa Am. 
I. Ameyland Eu. 
Amiens Eu. 
I. Amoy Aſia 
Amſterdam Eu. 
I. Amſterdam Afia 
Amfterdam Har. Am. 
I. Amſterdam, or 
Tonga-Tabu ? Aſia 
I. Anabona Africa 
Anadirſkoi Noſs Aſin 
Ancona | © 
If. Andaman, Great | 
Little : Alia 
I. Andaro Afla 
St. Andero, Sotovento Am. 
C. St. Andrea Africa 
St. Andrew's Eu. 
aa 1 x 


I. Sumatra 


Countries. 


Bahama I. {| 
France 
France 
Scotland 
Anian 
Scotland 
Finland 
Brafil 
Bahama 


Arabia 
Nova Zem. | 
Soc, Iſles 
Madagaſcar 
India 
Patagonia 
India 
Dalmatia - 
Peru | 
Turkey 
Caffers 
Sweden 
News. Wales 
Algiers 
England 
England 
Syria 
Syria 
Egypt 
Canaries 
Algiers 
Spain 
Italy 
Egypt 
Braſil 


Spain 


Zanguebar 


T. del Fuego 
Arabia 


Terra Firma 


Molucca I. 
N. Hebrides 
Chili 

D. Neth. 
France 
China 

D. Neth. 
Madagaſcar 
Curacao 


Friendly If. 


Eth. Coaſt 
Kamtſchat. 
Italy 

India G 
India 
Mexico 
Madagaſcar 
Scotland 


Atl. Ocean 


Inland 
Eng. Channel 


[Germ. Ocean 


ludian Sea 
Germ. Ocean 
Baltic Sea 


Atl. Ocean 
| Atl. Ocean 
Indian Ocean | 


Indian Sea 
North Ocean 
Pacif. Ocean 
Indian Ocean 


S. Atl. Ocean 
Mogul's 
Adriatic Sea 
Pacif. Ocean 
Danube 
Indian Ocean 
Baltic Sea 
Hud. Bay 
Medit. Sea 


[Germ. Ocean 


Eng. Channel 
Medit, Sea 
Medit. Sea 
Medit. Sea 
Atl. Ocean 
Medit. Sea 
Medit. Sea 
Medit. Sea 
Red Sea 


Atl, Ocean 
Medit. Sea 
Indian Sea 


Pacif. Ocean 
Red Sea 


Atl. Ocean 


Indian Ocean 
Paci f. Ocean 
Pacif. Ocean 


[Germ. Ocean 


Inland 
Pacif. Ocean 


[Germ. Ocean 


Indian Ocean 
Carib. Sea 


Pacif. Ocean 
Atl. Ocean 


Fe:ring's St. 


Mediterran. 


B. Bengal 


Indian Ocean 
Atl. Ocean 


indian Ocean 
Germ. Ocean 


H. Water. | : 


CY 
Un 
— 


IC. Andreſs 


4. 
| 
: 

14 
T' 
: 
| 
; 
. 


" — — 
— — 


— — — 


17 F [ 
i 

1 

"3 

: 

& 

| 

. 
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— — — — — — — — 


— — 


| N.point 
If. Androfs 8. point Am. 


Iſ. Angaſay 
C. St. Angelo 
Mount St. Angelo 
Angra 
R. d' Angra 
C. d' Anguilhas 
I. Anguilla 
C. Anguille 
I. Anholt (Lights) 
[C. Anne 
C. Queen Anne 
Q. Anne's Foreland 
t Annamocka, or 
Rotterdam 
Annapolis Royal 
| I. Antego 
Antibes 
I. Ante- I W. point 
| coſt TE point 
| Antiochetta 
d' Antiſer 
| C. Antonio 
I. St. Antonio 
C. St. Antony 
Antwerp 
B. Apalaxy 
I. Apalioria 
Aquapulco 
Aquatulco 
Archangel 
Arcot 
I. d' Areas 
Arenſburg 
Arica 
I. Arran 
Aruba 
1. Aſcenſion 
I. Aſſinaria, : 
Sardinia 
R. Athley 
R. Aſſene 
I. Aſtores 
. 2 
Athens 
Atkin's Key 
Atwood's Keys 
. Ava 
Iſ. Aves, Sotovento 
C. St. Auguſtine 
C. Sc. Auguſtine 
St. Auguſtine 
St. Auguſtine 
Aurora 
Aydhab 
Aylah 


Babelmondel Straits 
C. Baba 

I. Bachian 

Bagdad 

I. Bahama 


Bahama Bank, N. pt. Am. 


C. Bajador 


Cont.] Countries. 
1 
Bahama 1. 
Africa] Madagaſcar 
Eu. Turkey 
Eu. Italy 
Eu. Tercera 
Africa. Ethiopia 
Africa] Caffers 
N Am. Antilles If. 
Am. | NewfoundIl. 
Eu. Denmark 
Am. New Eng. 
Am. [Greenland 
Am. N. Main 
Aſia Friendly Iſ. 
Am. Nova Scotia 
Am. |Caribbee IC, 
Eu. France 
Am. |Canada | 
Aſia Syria 
Eu. France 
Am {Iſle Cuba 
Africa Cape Verd |} 
Am. | Magellan 
Eu. Flanders 
Am. Florida 
Aſia India 
Am. | Mexico 
Am. | Mexico 
Eu. jRuſlia 
Afia India 
Am. Mexico | 
Eu. 
Am. {Peru 
Eu. {ireland 
Am. 
Am. | Brafil 
Eu. Italy 
Am. [Carolina 
Africa Guinea ö 
Afric. Madagaſcar 
Aſia Siberia 
Eu. | Turkey 
Am. Bahama Iſles 
Am. | Bahama Iſles 
Afia | Japan 
Am. | Terra Firma 
Am. Braſil 
Afia | Mindanao 
Am. \Florida 
Africa Madagaſcar 
Aſia N. Hebrides 
Africa Egypt 
Aſia Arabia 
Africa] Abyſlinia 
Aſia |Natolia 
Afita | Moluccalſles 
Afia | Meſopotamia 
Am. | Bahamalſles 
Bahamalſles 
Africa} Negroland 


——ñůů— 


Sound 


Atl. Ocean 


Weſt Indies Atlantic 


{Caſpian Sea 


iRed Sea 


Atl. Ocean 


Coaſt. 


Bahama I. 


Indian Ocean 
Archipelago 
Medit. Sea 
Atlantic 

N. Atl. Ocean 
Indian Ocean | 
Atl. Ocean 
Atl. Ocean 


Weſt. Ocean 
North Ocean 
Hudſon's Str. 


Pacif. Ocean 


B. Fundy 
Atl. Ocean 
Medit. Sea 
B. St. Lau- 
rence 

Medit. Sea 
Eng. Channe 
Atl. Ocean 
Atl. Ocean 


R Scheld 


Indian Ocean 
Pacit. Ocean 
Pacif. Ocean 
White Sea 
Inland 

G. Mexico 
Baltic 

Pacif. Ocean | 
St, Geo. Ch. 


Atl. Ocean 
Medit. Sea 


Atl, Ocean 
Atl. Ocean 
Indian Ocean 


Archipelago 
Atl, Ocean 
Att. Ocean 
Pacif. Ocean 
Atl. Ocean 
Atl. Ocean 
Pacif. Ocean 
Atl. Ocean 
Indian Ocean 
Pacif. Ocean 


Red Sea 


Red Sea 

Archipelago 
Pacif. Ocean 
Inland 

Atl, Ocean 

Atl, Ocean 


G. Mexico F ; 


Longitude. 
0 4 
77 58 W 
7 oo W. 
58 40 E. 
33 38 E. 
16 16 E. 
27 7W. 
9 35 E. 
20 06 E. 
62 57 W. 
59 11 W. 
12 44 E. 
70 27 W. 
50 30 W. 
74 36 W. 


174 30 


64 oo W. 
62 4 W. 
7 og E. 
64 c W. 
61 42 W. 
36 17 E. 
oo 34 E 
84 O5 W 
25 02 W. 


4 24 E. 


63 42 W.| 


83 53W.| 


79 40 E. 
101 40 W. 


oh. oom. 
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H. Water, | 


| 
| 


45 


30 


— 
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Names of Places, | Cont, | Countries. Coaſt, Latitude, | Longitude. |H, Water. 1 M 
- — —_— e RT GO ee r 8 0 
Baker's Dozen Am. Labrador Hudſon's Bay 57 E 15 
Balaſor | Aſia | India B. Bengal 21 20 N 86 oo E. Wl 
Baldivia Am. | Chili Pacif. Ocean 39 38 8 73 20 W. ; N 
11. Bali | Aſia | Sunda Iſles Indian Ocean 8 05 S.] 114 30 E. 1 
Baltimore [= Ireland | Weſt, Ocean 51 16 N 9 26 W.] 4h zom. 14 
I. Banca og Afia | Sunda Ifles Indian Ocean 7 21 ©: 107 2s bi 
N : I 50 S.] 105 30 E. 155 
J. Banda Afia | Moluccalſles|Indian Ocean} 4 30 N.] 127 25 E. 4 0 
Bangalore Afia | Myſore {Inland 13 O N.] 77 42 E. 1 
Banjar Aſia I. Borneo Indian Ocean 2 27 Se| 113 50 E. 10 
Banks's Iſte Aſia N. Zealand. |Pacif. Ocean | 43 45 S.] 172 40 E. 1 
Bantam Aſia I. Java Indian Ocean 5 15 8.] 106 25 E. | 13 | 
B. Bantry Eu. Ireland Atl. Ocean 51 45 N 10 40 W. ; j | 
3 am. | CaribbeeIſles| Atl, Ocean 13 05 N 59 36 W. M: 
C. Barbas Africa] Sanaga N. Atl. Ocean] 21 50 N 16 26 W. | TH: 
I. Barbuda | Am, | CaribbecIfles| Atl. Ocean 17 46 N 61 47 W. 1 
C. Barcam Eu, Greenlan North Ocean] 78 18 N 20 06 E. Fi 
Barcelona Eu. Spain Medit. Sea 41 26 N 2 18 24 It 
Irfleur | Eu. | France Eng. Channel | 49 38 N. 1 16 W. 7 30 
Bargazar Point Eu. Iceland North Ocean] 66 30 N 17 12 W. 
I. Bard ſey Eu. | Wales St. Geo. Cha.| 52 44 N 5 oo W. 
Barren Iſle Aſia | Andamans Bengal Bay 12 14 N 93 47 E. 
C. Barſo Eu. Ruſſia White Sea 66 30 N 38 oo E. 
I. Barnevelt Am. T. del Fuego] South. Ocean] 55 49 N. 66 53 W. | 
I. Bartholomew Am. | Caribbeelfles} Atl. Ocean 17 56 N. 63 11 W. 
I. Bartholomew Am. N. Hebrides |Pacif. Ocean] 15 42 N.] 167 22 E. 
I. de Bas Eu, France Eng. Channel} 48 50 N. 4 ooW.; 3 45 
Baſſora Afia | Arabia Perſian Gulf | 29 45 N 47 40 El. | 
C. Baſſos, or Baxos {Africa} Anian Indian Sea -4.32 I. 47 07 E. | 
Baſſos de Banhos Africa! Zanguebar Indian Ocean 5 oo S.] 48 o8 E. 
Baſſos de Chagos Afia | india Indian Ocean] © 42 8. 68 20 E. 
I. Baſſus des Indes Africa] Zanguebar Indian Ocean] 21 19 S.} 41 43 E | 
| Batavia Afia I. Java Indian Ocean 6 12 S.j 106-45 E. 
Bayonne Eu, | France B. Biſcay * 43 30 N. 1 30 W. 1 20 
Bayona Iſles Eu. [Spain. | Atl. Ocean f 41 45 N. 9 or W. 
Beachy Head Eu, {England Eng. Channel| 50 44 N. o 25 E. © oo . 
Bear- bay Eu. [Greenland I North Ocean] 79 10 N. 24 15 E. 1 
3 5 Am. Labradore Hudſon's Bay 154 = = 80 oW.12 oo \jf. i it 
I. Beerenberg Eu. — North Ocean] 71 45 N. 4 30 E. wy i 
Belcher's Iſles | Am, {Labradore {Hudſon's Bay] 56 N. 83 4W. 5 1 
Belfaſt Eu, Ireland {Iriſh Sea 54 43 N. 5 sz W. 1o o þ 10 
Belliſle Eu. France B. Biſcay 47 21 N. 3 01 W.] 3 30 0 it 
Belliſle Am, { Newfound. | At}. Ocean | 5 55 N. 55 25 W. Ly | 
Bembridge Point Eu, |Ifle Wight Eng. Channel} 50 40 N.] OW. "Mi h 
Straits of Belliſle Am. { Newfoundl. | Atl. Ocean 51 48 N] 56 ooW, | 1 4 
Bell Sound Eu. [Greenland North Ocean} 77 15 N 12 40 E. ll | 
Bencolin Aſia. I. Sumatra Indian Ocean 3 49 S.] 102 5 E. N 
Bender Eu. Turkey Nieſter J 46 50 N.] 29 41 E. I 1 
Bengal Afia. India B. Bengal f 22 00 N.] 92 45 E. 3% 
Bergen Eu. Norway Weſlern Oc, | 60 10 N 6 14 E. * 
Berlin Eu. | Germany R. Elbe 52 33 N. 13 26 E. * 
I, Bermudas Am. Bahama iſles] Atl. Ocean 32 35 N 63 23 W. 7 00 '' 
I, Bermaja Am. |Mexico G8. Mexico 21 40 N. 92 53V. if 
Berwick Eu. England { Germ. Ocean 55 45 N. 1 FO W. 2 30 vl 
Berry Point Eu. England Eng. Channel) 50 37 N. 3 49 W. 1 
Birds Iſland [Am. Acadia J. St. Lawr. 47 44 N. 60 24 W. 1 
Bilboa Eu. Spain B. Biſcay 43 26 N. 3 18 W. 1 
I. du Bie [Am. Acadia R. St, Lawr. | 48 30 N.] 68 35 W. 2 0 +K 
Blackney | IEu. England Germ. Ocean] 53 20 N. O 55 FE. 6 co 1 
Black Point Eu, {Greenland North Ocean} 78 co N 10 50 E. 1 
Black Iſle Eu. {Nova Zem. North Ocean 72 52 N. 52 35 E. 'F 
C. Blanco Africa] Negroland | Atl. Ocean 20 55 N 17 SW. 9 45 3 
C. Blanco Am. Patagonia Atl. Ocean 47 20 8.] 64 37 W. | þ | 
er's = NR 5 | . 
C. Blaneo 8 | 
Vorl. I. D d 
| 
«Att 
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C. Blanco 
C. Blanco 


I. Blanco, Sotovento 


' Blanchart Race 


Blaſques 


Blavet, or Port Louis 


Bocachica 
c. Bojador 
Bolabola 
R. Bol ſhaya 
Bolt Head 


11. Bombay 


Att 


6 a tes. 


1 Buna viita 
l. Bona viſta 


— 


Borneo 


f £3 Yor 


e. Bona fortuna 


I. Bonayre, Sotovento 
B. Bonaventura 
C. Bon Eſperance 


Eaſt point 
Weſt point 
North point 
South point 


Borneo 


neo. {\ Succadano 


IJ. Bornholm 
Boſton 
' Botton 


3 3s. x 


Botany 172 
| Botany Bay 
Bou! og 


; 


1 Bourb: on, St. Den, 
Bourdeaux 


Branden 


3. Brandwyns 


{. Bravat 


Dremen 
Bret ſound, a ſand 


i nretlau 
i - 
Breit 


B I reſt 


' 


| 
| 


New Britain I. Cape 


Cape Eret 


1 idge 1 own 


Ert zurgten Bay 


0 B. tl 
Louiſbourgh 
15 Scateri 
orth Cape 
I. Mathias 
Nartli point 
S. W. point 
Strait Dampier 
C. St. George 
I. St. John. 
Bruilells | 
Z2uchaneſs 


it Buenos A; res 


Eukarot 
C. Buller 
Burgaford point 


WY Countries. | 
—— — — —— 
Eu. | Greenland 
Ame | Mexico 
Am. | Terra Firma 
Eu. France 

Eu. Ireland 

tus France 

Ame Terra Firma 
Africa Negroland 

{ Afia | Society Ifl, 
Afia | Siberia 

Eu. England 
{Aſia India 
Africa Tunis 
Africs Tunis 

Am. Newfoundl. 
Africa C. Verd Ifles 
Eu. Ruſſia 

Am. Terra Firma 


Am. Terra Firma 
Afcica Caffers 
Aﬀa 
| 1 
Afia | 
Eu. Sweden 

Eu. England 

[Am. New Eng. 

3 Afa N. Caledoni: 
Ala N. Holland 
Eu. France 

Africa Madagaſcar 

Lu. France 


Atrical Madagaſcar 


Coaſt. 


North Ocean 


Pacif. Ocean 


Atl. Ocean 


Atl. Ocean 
B. Biſcay 
Carib. Sea 
Alt. Ocean 
Pacif. Ocean 
Pacif. Ocean 


Indian Ocean 
Mediterran. 
Mediterran. 
Atl. Ocean 
Atl. Ocean 
White Sea 
Atl. Ocean 
Pacif. Ocean 
Indian Ocean 


Baltic Sea 


Atl. Ocean 
Pacif. Ocean 


B. Biſcay 


Eu. Greenland | North Ocean 
ent Cs Verd Atl. Ocean 
Germany R. Weſer 
Eu. D. Neth. Germ. Ocean 
Eu. j Silefia R. Oder 
Eu. France B. Biſcay 
[Am. New Britain [Weſt. Ocean 
Aſia N. Zealand | Pacit, Ocean 
Am. I. Barbadoes} Atl. Ocean 
Eu. England Germ. Ocean 
Eu. [D. Neth. | Germ, Ocean 
Am. I Acadia G. St. Lawr. 
Eu. [England St. Geo, Ch. 
Am. Sandwich L. Atl. Ocean 
! | 
Am. | Acadia {Atl Ocean 
| | 
L | | 
Aſia {New Guinea] Pacif, Ocean 
| { 
Fu. Flanders Inland 
Eu. Scotland Germ. Ocean 
Am. Braſil Att, Qcean 
Eu. Walachia Inland 
Am. 8. Georgia Atl. Ocean 
Iceland {North Ocean 


Eng. Channel 


Eng. Channel 


indian Ocean 


Indian Ocean 


Germ. Ocean 


Pacif. Ocean 
Eng. Channel 
Indian Ocean 


Indian Ocean 
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Latitude. Longitude, 
Oo , | 7 
77 58 N.] 20 o4 E. 
43 32 N.] 124 O2 W. 
11 42 N. 64 we = 
2 N. 2 © . 
= 2 N. 10 56 W. 
47 45 N.] 3 13 W. 
10 20 N. 75 30 W. 
26 12 N;| 14 22 . 
16 33 S.} 151 52 W. 
52 48 N.] 157 oo E. 
co 17 N. 3 48 W. 
18 57 N.] 72 43 E. 
37 08 N. 7 10 E. 
7 10 N. 10 2 
48 N. 2 33 W. 
16 bo N. 22 42 W. 
65 35 N. 3 3. 
11 52 N.] 67 20 W. 
„3 18 N.j 76 50 W. 
34 29 8. 18 23 E 
1 12 N.] 117 10 E. 
F 15 N.] 108 57 E. 
7 O5 N.] 113 40 E. 
3 32 8. 112 05 E. 
5 00 N.] 112 15 E 
; © 50 S.] 1cs 35 E. 
55 12 N. 15 50 E. 
53 10 N. O 25 E. 
42 25 N. 70 32 W 
22 27 8.] 167 12 E. 
34 06 8. 151 20 E. 
50 44 N. 1 40 L 
20 3 8% 35 33. 
44 50 N. o 30 W. 
16 45 8. 64 48 E. 
79 50 N. 26 20 E. 
14 54 N.] 24 45 W. 
53 30 N. 9 oo E. 
53 12 N. 5 15 E. 
51 03 N. 17 13 E. 
48 23 N. 4 26 W. 
52 10 N. 52 30 W. 
35 07 8. 173 52 E. 
13 05 N. 59 36 W. 
54 07 N. CO 04 E. 
51 56 N 4 10 E. 
47 50 N. 60 47 W. 
51 28 N. 2 30 W. 
59 2 S. 26 46 W. 
45 54 N.] 59 55 W. 
46 or N. 61 57 W. 
47 05 N. Go 8& W. 
2 00 S.] 147 50 E. 
2 30. S.] 148 go E. 
6 O0 8. 146 37 E. 
6 15 8.] 146 15 E. 
5 30 8. 150 35 E. 
4 20 S. 152 40 E. 
50 51 N.] 4 27 F. 
57 29 N. 1 23 W. 
34 35 8. 53 26 W. 
44 27 N. 26 13 E. 
53-58 S.] 37 49 W. 
66 O3 N. 16 34 W 


O- 03 


— 0 


4 
/ 


H. Water. 


oh. oom. 


'0Q 

* 

2 
13 


30 


45 


45 


CO 
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Names of Places. Cont.] Countries. Coaſt. Latitude. | Longitude. In. Water, 
| 2 ALS / 8 O 8 
+ Burgeo Iſles. Ame |Newfoundl. | Atl. Ocean 47 36 N. 57 31 W. 
Zurlings, rocks Eu. Portugal Atl. Ocean 39 20 N. 9 32 W. | 
Burlington Eu. England Germ. Ocean 54 O0 N. d . | 
'Buiton's Iles Ame | New Britain} Hudſ. Straits 60 25 N, 65 20 W. 6h, com. 
| Cape Byron Aſia N. Zealang | Pacif. Ocean 28 329 8. 154 1 | 
Byron's iſle | Afia Pacif. Ocean] 1 18 8. 170 6W. | 
S 
P. Cabello (am. Terra Firma Carib. Sea | 10 41 N.] 67 27 W. | 
1. Cabrera Eu. Italy Mediterran. 43 10 N. 9 11 E. ö 
Cadiz Zu. Spain | Atl. Ocean 36 31 N. 6 07W.| 4 30 
Caen Eu. France Eng. Channel| 49 11 N. o 17 W. g oo 
Cagliari, I. Sardinia Eu. [Italy Medit. Sea 39 25 N. 9 33. E. 
Cajanebourg Eu. Finland Baltic Sea 64 13 N. 27-04 © 
Ifles Caicos, or : 1 2 21 27 N. 1 24 W. 
Cankroſs, from A Bahama Iſles ws Ocez $2 3 = JW. 
Calabar 2 | 5 Africa; Guinea Eeli. Ocean 3 : . 0 ; _ 1 
C. Calaberno Aſia | Natolia Archipelago 38 42 N. 26 44 E 5 
Calais Eu. France Eng. Channel] 50 53 N.] or 51 E. [ir 30 
S. Cala madon Afia India 3. Bengal 10 22 N. 20 40 E 
AE art / Aſia India B. Bengal 22 35 N. 88 34 E 
Caldera Aſia I. Mindano bacif. Ocean] 7 c N 121 25 E 
I. Caldy Eu. {England Sr. Geo. Ch, 31 33 N SZ Ki 
|Calecut Aſia india UIadian Ocean 11 15 75 39 E 
Cairo Africe Egypt N. Nile | 30 02 N.] 31 26 E. 
Callao am. Peru |] Pacit, Ocean | 12 2 8. 76 53W. 
b. Calymere { Atia India B. Bengal 10 20 N 80 oo E 
. Great Camanis Am, | Weſt Indies | Atl. Ocean 19 18 N. 80 29 W. 
I. Little Camanis | Am. |Weit Indies | Atl. Ocean |, 19 42 N. 79 20 W. 
Camboida Aſia India Indian Ocean] 10 35 N.] 104 45 E. 
Cambridge Eu. England F „ o 9 E.| 
Cambridge Am. N. England 42 25 N. 71 5 W. 
| Carbon Ml w_ 3 Africe n Medit. Sea 37 18 N. 4 58 E 
C. Cameron Am. New Spain Atl. Ocean 15 35 N. 83 29 W 
K. Camerones Afric: [Guinea | Atl. Ocean 3 30 N 9 10 E. 
B. Camerones Am. Magellan Atl. Ocean 44 50 8. 67 10 W. 
Camfer, a ſand Eu. D. Neth. Germ. Ocean] 53 33 N. s 20 B. E11 2 
Camin Eu. Germany Baltic 54 04 N. 15 40 E. | 
2. Campbell Aſia N. Zealand | Pacif, Ocean | 4x 51 8.] 174 41 E. 
Compeachy Am. | Yucatan Atl, Ocean 19 36 N. 90 53 W. 
i, Canaria Africa Canaries | Atl, Ocean 28 01 N. 15 3 8 
J. Candenoſe Eu. |Ruſka North Ocean] 69 25 N.] 45 30 E. 
(C. St. John, W. Pt. | ; | 35 12 N. 23 84 E. 
2 4 Candia Eu. Turkey Medit. Sea 35 19 N.] 25 23 E. 
9 [ C, Solomon, E. Pt | 34 57 N 27 06 toe 
| Candia | Afia . Ceylon Indian Ocean 7 54 N. 81 53 E. 
Candlemas Iſles Am. Sandwich L. Atl. Ocean 57 10 8 0 33 9 
I. Candu Aſia India {ndian Ocean 7 30 8. 77 55 E. 
C. Canſo Am. | Nova Scotia | Atl, Ocean 45 15 N. 60 48 W. 
|Canſo Paſſage Am. Nova Scotia | Atl. Ocean 45 30 N.} 61 O W. 
C. Cantin Africa Barbary Att. Ocean 32 41 N. g OW. © oo 
Cantire, Mul Eu. Scotland Weſt Ocean 55 22 N. 5 45 W 
Canton Aſia China Pacif. Ocean] 23 08 Wþ JI 07-8 
Cape Town Africa\Caſters Atl. Ocean 33 55 8. 18 241 . 20 
I. Capri Eu. Italy Medit. Sea | 40 34 N 14 11 E. 
J. Capraya Eu. Italy Medit. Sca 43 03 N 20 13 E 
C. Carapar Aſia India B. Bengal 19 22 N. 86 05 E. 
Caraccas Am, Terra Firma Atl. Ocean 10 06 N.| 66 45W. 
Caries, or Haclaits Ifesj Am, Greenland | Baffin's Bay 77 15 N. 62 oo W. 
Carinda Point ' \|Am. California | Pacif. Ocean 38 24 N.] 124 25 V. 
Carleſcroon Em Sueden Baltic 56 20 N. 15 31 E. 
Carliſle Eu. England |Iriſh Sea 54 47 N. 2 35 W. 
C. Carmel l Aa Syria Levan: 33 08 N. 25 33 E. 
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. 
I: 
5 | 
Caroline Iſles, limits 


C. Carthage 

Carthagena 

Carthagene 

1JCacteret's Iſle 

Cary's Swan's Net 

Caſan 

'Caſkets 

C Caſſander 

1. St. Catherine's 

. _ FN. point 

Cat Iſe 5. 5 5 

Cathneſs Foint [ 
Dinnet Head 89 \ 

Catenea 

(Cavan 

C Catocha 

I. Cayenne 

I. Cephalonia 

[Ceuta 

Cbain Iſland 

Chandenagar 

[Charles Town 

[C. Charles | 

I. of 7 Eaſt end 

Charles { Weit end 

C. Charles 

Charlotte's Iſles 

2. Charlotte | 

Q. Charlotte's Sound 

Q. Charlotte's Foreld. 

I. Chariton 

Chatteaux Bay 

B. Chebucto 

Cheignecto 

Cherbourgh 

Cherry Iſle 

Cheſter 

Chiddoc k 


C. Chidley | 
, N. point 
{. Chiloe 38. point 


C. Chiokotſkago 
Chritiana | 
Chriſtianople 
Chriſtianſtadt 
Chriſtmas Sound 
Chriſtmas Harbcar 
Chriſtmas Iſle 

St. Chriſtopher's 


—— — @ 


— — .  ——— 


R. St. Chriſtopher's 
C. Chukchenſe 

C. Churchill 

R Churchill 

I. Chuſan 

Civita Vecchia 

C. Clear 


[Clerk's files 
; C.oate | 


ox 
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Coat Countries. 
Afia 
Africz|Barbary 
Im. Terra Firma 
Cu. Spain 
Afia {New Britain 
Am. — 
Aſia Siberia 
u. | l. Guernſey 
Eu. Furkey 
\m. Zraſil 
am. Zahama 
zu. | 5cotland 
i Us I. Sicily 
Zu. ireland 
Am. | New Spain 
Im. | Terra Firma 
Za, Turkey 
Africa] Barbary 
Afia Society Iſles 
Afia | Bengal 
Am. | carolina 
Am, {Virginia 
Am. | Labradore 
Am. | New Britain 
Afia {Guadalcanal 
am. |S. Georgia 
Aſia | N. Zealand 
Afia N. Caledonia 
\m. {New Wales 
Am. | Labradore 
Am. Nova Scotia 
im. {Nova Scotia 
| Eu, France 
Eu. | Greenland 
Eu. {England 
Cu. | England 
Am. New Britain 
Am. Patagonia 
Aſia Siberia 
Eu. Norway 
Eu. Sweden 
Eu. Sweden 
Am. T. del Fuego 
Atricaſ Kergulons L. 
Am. „-ñ1é⸗37“jq.u 
Am. [Carib. Iſles 
Africa Caffers 
Aſia Siberia 
Am. New Wales 
Aſia China 
Eu. Italy 
Eu. Ireland 
Am. |S. Georgia 
Aſa India 
Aſia India 
Aſia India 
Am. Mexico 
Afia {India 
Am. 


New Eng. 


| 


— 


Pacif. Ocean 
Medit. Sea 


Caribbean Sea 
Medit. Sea 
Pacif. Ocean 
Eludſon's Bay 
Inland 

Eng. Channe 
Archipelago 
Atl. Ocean 


Atl. Ocean 
Weſt. Ocean 
Medit. Sea 


Inland 
Caribbean Sea 
Atl. Ocean 
Medit. Sea 
Medit. Sea 
Pacif. Ocean 
River Ganges 
Aſhley River 
Atl. Ocean 


Hud ſon's Str. 


Weſt. Ocean 
Pacif, Ocean 
Atl. Ocean 
2acif, Ocean 
Pacif. Ocean 
Hudſon's Bay 
Atl. Ocean 
Atl. Ocean 
3. Fundy 
Eng. Channel 
North Ocean 
{riſh Sea 


Eng. Channel 


Hudſ. Straits 
Pacif. Ocean 


Sound 

Baltic Sea 

G. Bothnia 
Pacif. Ocean 
Ind. Ocean 
Pacif. Ocean 
Atl. Ocean 


Indian Ocean 


North Ocean 


Medit. Sea 
Weſt. Ocean 
Atl. Ocean 
Indian Ocean 
Indian Ocean 
Indian Ocean 
Pacif. Ocean 
B. Bengal 
Atl, Ocean 


DP  — 
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Coaſt, | 


North Ocean 


Hudſon's Bay | 
Chineſe Sea 


Latitude. 


N. 
36 52 N. 
10 2 5 
. 
8 26 8. 
62 20 N. 
55 47 N. 
49 50 N. 
40 O ½ N. 
27 35 N. 
24 50 N 
23 48 N. 
58 42 N. 
42 40 N. 
54 52 N. 
20 48 N. 
4 56 N. 
38 20 N. 
35 49 N. 
17 25 8. 
22 51 N. 
33 22 N. 
37 1. 
62 46 N. 
62 48 N. 
51 50 N. 
11 0 8. 
54 32 5. 
FU . 
22 13 
52 O3 N 
3a 1 
44 45 N. 
46 15 N. 
49 38 N. 
74 35 N 
53 10 N 
50 47 N. 
60 22 N 
41 45 S 
43 50 8. 
64 co N. 
59 25 N.| 
55 55 N. 
62 47 N.| 
55 22 8. 
48 41 8. 
1 58 N. 
17 15 N. 
32 47 8. 
66 30 N. 
53 48 N 
58 473N. 
30 oo N. 
42 N. 
51 18 N. 
os 8. 
22 00 8. 
9 50 N 
12 20 8 
5 Oo N. 
14 ON. 
42 15 N. 
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Longitude. 


1 
137 
127 

10 


75 
8 
189 

55 

49 

2 

23 

49 


75 
75 


25 E. 
25 E. 
8 
22 W. 
03 W 
14 E. 


20 0 
20 EH 


26 W 
41 E. 
12 0 


38 W. 


35 W. 
17 W. 


H. Water. 
— — — 
8h. 1 5m. 
9 00 
$. S 
o 15 
j 
| 
_ hs 
O 45 
7 30 | 
| 
EE, 
10 09 
3 
4 30 
| 
| 


C olcheſter 


Book VI. 


—— 5 W 2. 
Names of Places. Cont. | Countries, 
Colcheſter Eu, England 
C. Cold Eu. [Greenland 
C. Colnet Afia N. Caledonia 
R. Colerado Am. | New Spain 

I. Colgau Eu. Ruſſia 
Collioure Eu, Spain 
C. Colone Eu. [Turkey 
C. Colone Afia }Natolia 
C. Colonni Eu. Italy 
C. Colville Aſia N. Zealand 
Comana Am. Terra Firma 

ce. Comarin Aſia {India 
C. Comfort Am. New Wales 

Concarnca Eu, France 

| C, Conception Am. {Calefornia 
B. Conception Entra | Am. } Newfoundl, 
Conception Am. Chili 
R. Congo Africa] Congo 
I, Coningen Afia N. Zealand 
Coningſburgh Eu. Poland 
Conquſ r Eu. France 
C. Conquibaca Ame {Terra Firma 
Conſtantinople Eu. [Turkey 
Cook's Straits Aſia N. Zealand 
Cooper's Iſle Am. |S. Georgia 
Cook's Town Eu. Ireland 
Copenhagen Fu, Denmark 
Coperwic Eu. {Norway 
I. Copland Eu. Ireland 
I, Coquet Eu. {England 
R. Coquimbo Am. [Chili 
C. Corbau Afia Natolia 
Cordoue Eu. France 
Corea, South limit Aſia [China 5 
I. Corfu Eu. Turkey 
Ce Corientes Africa |Caffres 
C. Corientes Am. | Mexico 
Corinth Eu. [Turkey 

Corke Eu, Ireland 
P, Cornwallis Aſia {India 
C. Coronation Afia | N.Caledonia 
C Corſee Africa Guinea 
kK 2 C. Corſo, N. pt. i 
58 0 Bonfacio, S. pt. n 
I, Cor vo Eu. [Azores 
I. Coſmoledo Africa] Madagaſcar 
I, Coudre | Am. Canada 
Cowes Eu. II. of Wight 
Cow and Calf Eu. {Ireland 
I. Cozumel Am. [Yucatan 
Cremſmunſter Eu. Germany 
R. Crocei Aſia [China 
Cromer | Eu, England 
Crooked I, N., point. Am. Bahama 
Croſs Iſle . Eu. Ruſſia 
Croſs Point Eu. | Nova Zem. 
Croſs Cape Am. 

St. Cruz Africa] Barbary 
I. St. Cruz Am. Antilles I. 
C. Antonio, W. pt. | 
81 . de Mais, E. pt · 
34 Hollow Cape Am. Antilles I. 
— St. Jago 
| St. Mary _ 


| Coaſt, 


Germ. Ocean 
North Ocean 
Pacif. Ocean 
G. California 
North Ocean 
Medit. Sea 
Archipelago 
Archipelago 
Medit. Sea 
Pacif. Ocean 
Atl. Ocean 


Hudſon's Bay 
B. Biſcay 
Pacif, Ocean 
Atl, Ocean 
Pacif. Ocean 


| Eth, Ocean 


Pacif. Ocean 
Baltic Sea 


Atl. Ocean 
Archipelago 
Pacif. Ocean 
Atl. Ocean 
Atl, Ocean 
Baltic Sea 
Sound 

Iriſh Sea 


| Germ, Ocean 


Pacif, Ocean 
Archipelago 
B. Biſcay 


Pacif. Ocean 


Mediterran. 
Indian Ocean 
Pacif, Ocean 
Archipelago 
St. Geo. Ch. 
B. Bengal 
Pacif. Ocean 
Eth. Sea 


Mediterran. 


Atl. Ocean 
Indian Ocean 
R. St. Lawr. 
B. Channel 
Weſt Ocean 
Atl. Ocean 
Inland 

B. Nankin 
Germ. Ocean 
Atl. Ocean 
White Sea 
North Ocean 
Pacif. Ocean 
Atl. Ocean 
Atl, Ocean 


Atl. Ocean 


Indian Ocean! 


Eng. Channel] 
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— 


Latitude. 


1 
52 oo N. 
79 OO N. 
20 30 8. 
31 40 N. 
69 20 
432 31 
37 43 
39 10 
38 56 
36 27 
10 oo 
788 
64 45 


Z 2 2222222 


EFF 


2 EE EEA EEA Z ZZZ 


— ä 


Longitude. | H 


— —T 


© | 
o 58 E. 
Io 00 E. 
164 56 E. 
115 25 W. 
45 00 E. 
3 10 E. 
24: 4.1 E. 
27 04 E. 
18 05 E. 
174 48 E. 
65 07 W, 
78 7 E. 
82 30 W. 
3 50 W. 
126 
50 


zh. OOm. 
2 15 

3 oo 

6 30 
10 00 

3 30 

7 00 


Water. 


— — 


. a 


2 
cad 
* 
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| Names of Places. Conte | Countries. | Coaſt. | Latitude. | Longitude, H. Water. 
ö ö - 0 . 1 | 
| & Le St. Eſprit | 21 56 N, 79 50 W. 

2 Havannah Am. Antilles I. Atl. Ocean 23 12 N.| 81 45 W. 

B. Hondy | | | 22 54 N. 82 40 W. 

cubbs Ifles Am. New Wales | Hudſon's Bay] 54 15 N.“ 82 34 W- 

Cubello Aſia Ind. Malab. Indian Ocean 7 50 N. 71 55 E. 

| Cudgalore Afia India B. Bengal 11 H Nc} v6 41 $f 
[C. Cumberland Aſia N. Hebrides | Pacif. Ocean 14 40 Sf 166 47 E. 
[Cumberland Iſles Aſia Society Iſles [Pacif. Ocean } 19 18 S.| 140 36 E. 

B. Cumberland Am. North Main Davis's Str. 65 40 N. 65 20 . 
| Cumberland Houſe Am. New Wales Inland 82 7 N.] 10 W. 
Curaſſoa Am. Terra Firma] Atl. Ocean } 11 56 N 68 20 N. 

I. Cuzzola Eu. Turkey Medit. Sca 42 50 N. 16 55 E. 
I Cuſcs Am. Peru Inland 12 25 8. 73 35 W 
_ = © on | 35 4 N 33 04 E. 

— ndr t La as ; 35 08 ö 
2 C. I om 5. Aſia Syria Medit. Sea | 35 — 1 3 5 K | 
Ls Co Pt | | 34.35 N. 33.4! wy 

- : | 

Dabul Afia India Arabian Sea 18 24 N 71 433 E 
Dahlak Aſia | Arabia Red Sea 15 50 N 41 44 E. 

Isles of Danger Aſia | Society Illes Pacif. Ocean | 10 15 S. 165 50 W. 
F. La be 3 Eu. |} Livonia Baltic Sea | 58 55 N 2 32 E. 

{ Dantzic Eu. Poland Baltic Sea 54 22 N. 13 39 E. | 
5 tr. Dardanels Eu. Turkey Archipelago 40 10 N 26 26 E. 
Golph Darien Am. | Terra Firma | Caribbean Sea] 8 45 N 76 35 W. 

[C. Daby Am. Beering's St. | 64 21 N 162 r 
Dartmouth Eu. England Eng. Channel] 50 27 N. 3 36 W. öh. zom. 
L. Daſſap Africa] Caffres Atl. Ocean 43 25 N 1 
l. Dauphin Am. Louiſiana G. Mexico | 29 40 N 87 52 W | 
St. David's Head Ev. | Wales St. Geo. Ch. 51 55 N 5 22 W. 6 oo 
F Fort St. David's Aſia | India  ] Coroms Coaſt i206 Nh - Jo:0g-5 
FI. Deſeada _ Am. | Carib. Iſles | Atl. Ocean 16 36 Nj 61 W 
1 ©. Deſeada Am. T. del Fueg- }Pacif, Ocean 33 4 8 #3W+1} 
C. Deſire | Eu. | Nova Zem. | North Ocean 77 45 N 79 20 E. 
CC. Deſolation Am. | Greenland | North O.ean 61 45 N.} 47 coW |} 
Devicotta Afia India B. Bengal 11 21 N. 80 co E. 
Devil's Iſles Eu. Greenland North Ocean] 80 oo N.“ 11 43 f 
BE Dewpoint TAfia | India B. Bengal 16 07 N 81 47 Þ 
. Diamond Aſia | india B. Bengal 15 50 N.] 94 18 E 
. Diego Am. TF. del Fuego St. Le Maire 54 33 8. 65 9 W 

. Diego Ray:3 Aſia Ind. Malab Indian Ocean 3 2 = ＋ 70 25 E. 

TA Diego Garcia Africa India [ndian Ocean 71 74 25 E N 
Str. Diemen Aſia ] pan Iſles Pacif. Ocean 3 N 120 £x-<-t} 

I. Dieu Fu. | trance Bay of Biſcayf 46 26 N 2 20 W. 

| Dieppe Eu. France Eng. Channel] 49 55 N. 1 12 E % 30 

| C. Dudley Diggs Am. Greenland | Bathin's Bay 76-46 N.} S 07 W. | - 

[C. Diggs Am. iLabradore IIudſon's Bay, 62 45 N.] #73 fo N“ 

po. Diu Aſia India Indian Ccean | 21 37 N. 70 28 E. 

c. Dobbs Am. North Wales | Hudſon's Bay 3 10 N. 86 25 W. 

Dofare Aa j Arabia Indian Ocean 16 24 N.] 53 KE. H 
1 | : Am. |Antitles | Atl. Ocem | 18 25 N. 6g 30 w. 

. Dominico Am, |Catibbce Atl. Ocean f 15 18 N 61 28 W 

Dordrecht Eu. D. Neth. R. Maes $2 0 N. E 26 E. 

JC. Doiful Africa Ajan Indian Ocean 10 15 N. 50 44 E. 

e. Doro Eu. Turkey Archipelago 38 02 N. 35 12 E. 

Dort Eu. D. Neth. Germ. Ocean 51 47 N. 4 40 E. 3 oo 
1. Doſel Eu. I. ivonia Baltic Sea 58 20 N. 23 O0 E. 

Is. Dos Banh os Africa Zanguebar | Indian Ocean 5 15 N. 49 24 E. 

{Dover Ev. England Eng. Channel] 51 07 N. 1 24 E. 30 

Down: | Eu. England Germ. Ocean] 51 25 N. 1 34 E. 1 15 

Po. Dradate Africa Egypt Red Sea 19 56 N. 37 0 . 

Po. Drake, fir Francis | Am. —_—_— cnn Ocean 38 45 N.] 128 35 W. 

| | ne 
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Names of Places. Coat, Countries. | Coaſt. | Latitude. | Longitude. RE: 
. 3 
Drake's Iſſe Eu. England Ply. Sound 51 21 N. 4 9 W.] sh. 45m. 
Drontheim Eu. Norway North Ocean 63.26 N 110 E. 
Dublin Eu. Ireland Irith Sea 53 21 N. 6 roW. 9 15 
Dunbar Eu. Scotland Germ. Ocean 55 58 N 2 22 W. 2 30 
| Dundalk : Eu. [Ireland Iriſh Sea | $4.07 6 28W. 7 
Dundee Eu. Scotland Germ. Ocean] 56 26 N 2 48 W. 2 15 wa 
| Dungarven - Eu. Ireland JAHN. Ocean | gr 57 N. 7 55W.| 4 30 
| Dangeneſs Eu. England Eng. Channel| 50 55 N 1 03 E. 9 45 : 
| Duncanſby Head. Eu. Scotland {Germ, Ocean| 58 40 N. 2 37 . 
| Dunkirk Eu. France Germ. Oceaa] 51 o2 N.! 2 27 E. o oo 
| Dunnoſe Eu. II. White Eng. Channel} 50 34 N. 1 15 W. 9 45 
| Durazzo IE. Turkey | Medit. Sea [ 41 58 N. 25 O E. 
Pull) Bay Afia N. Zealand |Pacif, Ocean 45 47 — 166 23 E. 10 57 5 
Eaoo we ; | Afia Friend Ifles |Pacif, Ocean | 21 24 S.| 174 25W. 7 
C. Eaſt Aſia Iſchutſæi IBeering's St. 66 5 N.] 169 39 W. 
C. Eaſt Am. |Statenland Stra. le Maire] 54 54 S.] 64 47 W. 
Eaſter Iſl. Am. Chili {Pacif, Ocean | 27 7 8.] 109 42 W. 2 oo 
C. Edgecumbe Am. | Pacif. Ocean | 57 4 N.] 135 50 W. 
Edinburgh Eu. Scotland Germ. Ocean] 55 58 N. 3 7 1 36 
Edyſtone Eu. England Eng. Channel“ 50 8 N 4 20 W. 5 30 
Egmont Iſle Aſia Society Iſles Pacif. Ocean] 19 20 S.| 138 30 W. 
C. Egmont Aſia N. Zealand |Pacif. Ocean | 39 20 S.| 173 45 E. 
Eimeo Afia Society Iſles | Pacif. Ocean | 17 30 S.] 149 49 W. 
I. Elba Eu. Italy Mediterran. 42 52 N.] 16 38 E. 
R. Elbe mouth Eu. Germany Germ. Ocean] 54 18 N. 7 10 E. © oo 
Elbing I Eu.  \ Poland Baltic Sea | 54 12 N. 20 35 E. 
Elangburgh Eu. Sweden Baltic Sea | 56 oo N. 13-38 £6 
| Elfinore Eu. Denmark {Baltic Sea { 56 oo N.] 13 23 E. 
| . N. poĩ - N W. 
| I. Elutheria 8. 2 Am. Bahama _ Atl. Ocean $25 4 _ | - = W. | | 
4 Embden Eu. Germany | Germ, Ocean | 53 05 N 7 2 . 06:4 
R. Emes mouth Eu. {Germany { Germ. Ocean] 53 10 N. 7 20 E. 7 30 
'Enchuyſen Eu. D. Neth. Tuyder Sea 52 42 N. 5 06 E.| © oo | 
Endeavour Re Afia N. Holland | Pacif. Ocean 15 26 S.] 145 12 E. 0 
I. Engano + Am, {Sumatra Indian Ocean 6 O0 S.| 102 35 E. | ” 
JB. Enhorn Eu. [Greenland North Sea . 26 og, E. b 
Epheſus R Aſia | Natolia Archipelago 28 00 N 27 $3 E. 1 
Erramanga Afia N. Hebrides | Pacit, Ocean 18 44 S.| 169 20 E. ; 
Erzerum | Afia Arminea | Black Sea 39 57 N.] 48 41 E. 
Eſtaples Eu. France Eng. Channel| 50 34 N. 1 42 E. 11 oo | 
Euſtatia Am. Caribbee Atl. Ocean 17 30 N 63 04 W F 
11. Exuma Am. {Bahama Atl. Ocean 23 25 N.] 75 35 W. | 
| F, 
rache Eu. | Ireland j Weſt. Ocean | 55 19 N. 6 20 W. | 
| Fairlight Eu. England Eng. Channel| 50 53 N o 43 E. 1 
C. Faicon IAfricef Barbary Medit. Sea 36 03 N o 14 W. 
| | E. end 1 51 05 8. 56 wa | 
by Falkland } _—_ Am. | Patagonia j Atl, Ocean 75 27 $61 563 W | 
|Falmouth Eu. England Ing. Channel 50 8 N 4 58 W 5 30 | 
| C. Falo | Eu. [Turkey | Archipelago | 40 12 N.] 24 27 E. | 
C. Falſo  - | AfricaſCaffers | Indian Ocean | 34 16 8 13 44 E | 
C. Falſo = } Africa! Zanguebar Indian Ocean 8 52 8 59 55 E. b 
Falſterbom Iku. Sweden Baltic Sea 55 20 N 13 36 E. i 
III. Fana Eu. Turkey i Medit.. Sea ] 40 14 N.] 19 32 E 
R. Farate Africa Egypt Red Sea 21 40 N 36 29 E | 
Faro Head Eu. [Sotland Weſt. Ocean | 58 40 N. 4 50 W | 
C. Farewe'l Afia N. Zealand 4Pacif. Ocean | 40 35 8.] 172 47 E f 8 
C. Farcwell [Am. Greenland | North Gczan 59 37 N 42 37 W 1 
C. Fartack Aſia Arabia Indian Ocean | 15 41 N.“ 1 31 E 5 
C. Fehr | Am. {Carotina { Atl. Ocean 34 04 N.] 78 og W. 
I. Fersande Noronha Am. [Braſil Atl, Ocean 3 56 De 32 23 W 
I. Felicur, Lipari Illes, Eu. Italy Medit. Sea 38 33 N. 14 51 E 
I. Fermina : Eu. {Turkey 4 Arckivelago 37 24 N. 25 05 E 
| j | N | | 1 


I. Fernandeps 


r 1 


— 
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' 
| Names of Places. 


I. Fernandepo 
I. Ferro 
C. Finiſterre 
I. Fironda 
Fladſtrand 


F lamborough Head 


Florence 
I. Flores 
C. Florida 
Fluſhing 
I. Fly 


| Forbiſher's Straits 
North Foreland 


South Foreland 


Foreland Fair 
Foreland Fair 


5. 


Foreland Merchants 


I. Formentaria 
I. Formigas 
| C. Formoſa 
R. Formoſa 


I. Formoſa 


W. end 


N. point 
S. point! 


I. Forteventura, — 


Foulneſs 
Foul ſound 
Fowey 


I. France, P. Louis 


I. St. Franciſco 


| C. St. Francis 


[C. Francois 

| Frederickſtadt 
[C. Frehel 
French Keys 


| R. St. Franciſco 


Fretum Borough 


| C. Frio 
R. Fugor 
I. Fuego 


Furneaux Iſland 


B. Fuſhan 
1. Fyal 
I. Galla 
[R. Gallega 
I. Gallego 
[Gallipoli 
| Gallipoly 
I. Gallita 
[C. de Galle 


| Is. Gallepago 


Gally Head 


| Galway 
R. Gambia 
J. Gamo 
Gangam 
C. Garde fui 
R. Garronne 
Gaſpey Bay 
C. de Gatt 
C. Gear 
Geneva 
Genoa 


Cont. | Countries. Coaſt. 
Africa] Guinea Atl. Ocean 
Africa] Canaries Atl. Ocean 
Eu. [Spain Atl. Ocean 
Aſia Corea Pacif. Ocean 
Eu. |Denmark [Cattegat 
Eu, England Germ. Ocean 
Eu. |[ltaly Medit. Sea 
Eu. Azores Atl. Ocean 
Am. |Florida G. Mexico 
Eu. |D. Neth. Germ, Ocean 
Eu. |D. Neth. Germ. Ocean 
Am. | Greenland | Atl. Ocean 
Eu. England Germ. Ocean 
Eu. England Eng. Channel 
Eu. Ireland North Ocean 
Eu. [Greenland North Ocean 
Am. Greenland North Ocean 
Eu. Spain Medit. Sea 
Eu. Azores Atl. Ocean 
Africa Guinea Eth. Sea | 
Africa Guinea Eth. Sea 
Afia |China Indian Qcean 
| Africa} Canaries Atl. Ocean 
Eu. England Germ. Ocean 
Eu. Greenland North Ocean 
Eu. [England Eng. Channel 
Africa Madagaſcar | Indian Ocean 
Am. Peru Pacif. Ocean 
Africa Zanguebar | Indian Ocean 
Am. Braſil Atl, Ocean 
Am. Domingo [| Atl. Ocean 
Eu, Norway [Sound 
Eu. France Eng. Channel 
Am. Bahama Atl. Ocean 
Eu, Ruſſia North Ocean 
Am. Braſil Atl. Ocean 
Africa Zanguebar Indian Ocean 
[Africa De Verd IAtl. Ocean 
Aſia Soc. Iſles Pacif. Ocean 
Aſia hina Pacif. Ocean 
Eu. Azores Atl. Ocean 
Am. Terra Firma Pacif. Ocean 
Ame Patagonia Atl. Ocean 
Am. Terra Firma] Pacif. Ocean 
Eu. Italy Medit. Sea 
Eu. Turkey Archipelago 
Africa Barbary Medit. Sea 
[Aſia I. Ceylon {Indian Ocean 
Am. Peru Pacif. Ocean 
Eu. Ireland Weſt. Ocean 
Eu. Ireland Weſt. Ocean 
Africa Negroland Atl. Ocean 
Aſia India Indian Ocean 
Aſia India ⁊ |B. Bengal 
Africa! Anian Indian Ocean 
Eu, |France B. Biſcay 
Am. Acadia G. St. Lawr. 
Eu. Spain Medit. Sea 
Africa| Barbary Atl. Ocean 
Eu. |Savoy Inland 
1 Italy Medit. Sea 


Lati tude. 


22222 


— — — -—“— ; g — — 


1 


2ZZEZZZZZZZZZ 


2 Z Z Z 


— = —— 


Lon gi tude, 


„„ 
3 33 E. 


17 40 W. 
9 12 W. 


127 25 E. 
10 37 E. 

o 11 E. 
7 E. 
3 
20 W. 
3 20 W. 


5 35 E. 
18 W. 


I 25 E. 


1 24 E. 
6 30 W. 
10 50 E. 
17 05 W. 
1 156 E. 
24 43 W. 
5 43 E. 


4 49 E. 


121 25 E. 
120 40 E. 


14 O W. 


_— 


— 


— 


[. 


H. Water. 


C. St. George 


f 
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Names of Places. Cont.] Countries. Coaſt. Latitude. Longitude. 'H. Water. 
| be | 3 >= of | 
2 St. George Am. |Newfound]. | Atl. Ocean 4 28 N. 57 43 W.. | | 
CC. George Am. 8. Georgia | Atl. Ocean 54 17 8. 30 33W. | 
C. George Africa KergulensL.| Indian Ocean] 49 54 8. 70 17 E. 
B. St. George Am. |Newfoundl, | Ati. Ocean 48 19 N.] 57 zo W. 
[, St. George Afia |Natolia Archipelago 33 47 N. 25 07 E. 
I. St. George 8 Eu. Azores Atl. Ocean 38 39 N.] 28 oO W. 
St. George's Fort Aſia India B. Bengal 13 05 N.] 80 34 E. | Tn N 
Gibraltar Eu. pain Medit. Sea 36 00 N.] 5 17 W.] oh oom. | | 
Glibert's Iſl and Am. T. del Fuego Pacif. Ocean 55 13 8. 71 4 W. þ 
. N, int . 0 Y 28 
1. Gilolo 3 8. Borne | Afia spice ands Indian Ocean 3 13 = 3 
Glaſgow -; Eu, | Scotland R, Clyde 55 52 N. 4 10 W 
Glouceſter Iſles Afia Society Iſtes Pacif, Ocean 19 11 S.] 140 4W 
Glouceſter Iſles Aſia Society Ifles | Indian Ocean | 20 36 S.] 146 7 ö 
Gluckſ tal Eu. | Holſtein Eibe 83 48 N. 931 E 
Goa Aſia Indie Malabar „ 73 50 E. 
Goes Eu. D. Neth. Germ. Ocean] 51 39 N. 4 056 E 
Golfe triſte Am. Terra Firma] Cerrib. Sea 10 20 N.] 67 40 W 
Gombroon Afia Perſia Perſian Gulf | 27 40 N. 55 20 E 
I. Gomero Africa Canaries | Atl. Ocean 28 06 N.] 17 o 3 W 
C. Gondewar Aüa India B3Benga! 16 55 N.| 82 33 
C. Good Hope Africa Cafties Indian Ocean 34 29 8. 18 28 E.] 3 oo 
I. Gorea Africa Negroland | Atl. Ocean 14 40 N. 17 20 
I Gorgona Eu. Italy Medit. Sea 43 21 N. 9 11 E 11. 
I. Goth- N. end F - F 55 co N 20 15 E Hh 
y has S, end Eu. {Sweden Baltic Sea 4 56 58 N. 19 37 E 11 
. LWiſby 5 57 40 N.] 19 50 B 8} 
I. Goto Afia Corea Pacif, Ocean | 34 25 N 125 50 E | 1 f 
Gottenberg Eu. Sweden Sound 1 57 42 N.] 11 44 E 1 1 
Gottingen ku. Germany Inland 51 32 N 58 E. | 14 
'Gower's Iſle Afia N. Britain | Pacif. Ocean | 7 56 S.] 158 56 E A 
R. Grand © Am. jParaguay | Atl, Ocean 32 50 35 W 1 
Granville Eu. France Eng. Channel] 43 50 N. 1 32 W. 1 co 
C. De Grat Am. |Newfoundl, | Ati. Ocean 51 36 N. 55 33W 
I. Gratioſa Africa}Canaries Atl. Ocean 29 15 N 13 07 W. | | 
J. Gratiola Eu. Azores _.| Atl. Ocean 39 02 N.] 27 53W 
C. Gratios a Dios Am. New Spain | Caribbean Seal 14 48 N.“ 82 15 W. | 
-1| Graveline . Eu. France Eng. Chaune] 50 59 N. 2 13 BO oe 
Graveſend _ Eu. England R. Thames 31 35 N. o 20 E. 1 30 
I. Grenada Am. |Caribbee Atl. Ocean 11 52 N. 61 39 W. 
Greenwich © Eu. [England R. Thames 51 29 N. o O5 E 
C. Gremia Eu. Turkey Archipelago 40 33 N. 26 20 E. . 
Gripſwald Eu. Germany | Raltic Sea 54 04 N] 13 43 E. | 
Grimefby Eu. England Germ. Ocean] 53 30 N. © 56 E. | 
Groin, or C. Corunna Eu. Spain B. Biſcay 43 8 N 9 20 W. 3 oo 
I. Groy Am. Newfoundl. Atl. Ocean 50 56 N. 55 35 W. | 
I. Guadaloupe Am. |Caribbee Atl. Ocean | 16 oo N.] 61 55 W. , | 
Guayaquil Am. Peru Pacif. Ocean 2 10 . 81 og W. 
I. Gurnſey Eu. England Eng. Channel| 49 20 N 2 47W.| xt 30 
Gulf Eu. England St. Geo. Cha. 50 6 N.“ 6 oOo W. | 
Gurief Afia Aſtracan Caſpian Sea | 47 7 N $3.02 E. \ 
H | | | 
Hacluit's Headland Eu. Greenland. North Ocean | 79 55 N.] 12 oo E | TL 11. 
Hague Eu. Holland Ger. Ocean 52 4 1 4 22 D | ö | 
I. Hai- E. point | a 19 45 N. 110 13 34 1 
| Soong 8. W. point Aſia China Indian Ocean 13-8 N.| 108 13 E. | i | 
Halifax | Am. Nova Scotia Wefiern Oc. | 44 46 N. 63 20 W. 7 30 1 
I. Hal! Am, Greenland | Atl. Ocean | 63 56 N. 44 26 W. n 
Halli ford Eu. Iceland North Ocean | 64 30 N.“ 27 15 W. | | | | f 
Hamburgh Eu, Germany R. Elbe 53 34 N 9 55 E.| 6 oo 4 
C. Hang-lip Africa Caffres Indian Ocean | 34 16 S.] 18 49 FE. | : | ' 
Hare Iſle Am. Canada R. St. Lawr. 48 OO N.] 63 26 W. 3 30 8 | | 
Harlem | Eu. D. Neth, | Germ. Ocean | 52 24 N 4 10 E. 9g oo | 
Hartland Point Eu. {England Briſtol Chan. 51 06 N. 4 35 W./ ; l ' 
Hartlepool Eu. England Germ. Ren 54 40 N. © 56 W. 3 oo | If 
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Names of Places. 


| 
| Harwich 


C. Harteras 


Haſtings 


> poop wy 


Havre de Grace 


; | Hawke's Bay 
11. St. 


Helena 
! Helie's Sound 
Is Heligh's Land 


[C. Henlopen 


{Henly Houſe 

C. Henrietta Maria 
C. Henry 
Hernoiand 
Hervey's Iſle 


I. Heileloe 


High Mount 

Hinchingbrook J. 

2 C. Tiberoon 
S. Louis 


2 
| E. C. St. Nicholas 


Po. Grave 
| _ | St. Domingo 
|= (C. Raphael 
Hoai-Ngham 
Hogſties 


— 


Co La Hogue 


— CW. limit 
N Ditto 
S Ditto 
E. Ditto 
Holme Point 
Holy Cape 
Holy Head 
C. Honduras 
B. Hondy, I. Cuba 
Honfleur 
Hood's Ne 
Hoogſtraeten 
Hope Iſle 
C. Hori © 
Hornſound 
Hout Bay 
0 Howe's Iſle 
C. How 
Huahine 
Hunaſton Ligh? 
R. Hughly 
i Jull 
R. Humber, Ent. 
| ydrabad 
I. Hyneago 
Jado 
C. Jaffanapatan 


8 Weſt end 
|S Port Royal 


Eaſt End 
1— 
James Town 
I, Janeiro 


Japan Ifl-s 


— ꝛ ꝛ ' — — — — — 
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; x | * 
58 Countries. Coaſt. : Latitude. | Longitude, SER 
| 8 0 | 
Eu. England Germ. Ocean] 52 11 N. 1 18 E. h. 1 5m. 
Am. Carolina Atl. Ocean 35 24 N.] 76 20 W. ns | 
Fu. England B. Channel 50 52 N. o 46 E. 
Am. I. Cuba Atl. Ocean 23 12 N. 82 13 W | | 
Eu. |jFrance Eng. Channel] 49 30 N. o 11 El g oo 
Aſia, N. Zealand |Pacif. Ocean | 39 30 S.] 377 6 E 
Africa Cafftes Atl, Oceana | 15 55 8. 5 44 - 
Eu. Greenland North Ocean | 79 15 N.] 12 50 E 
Eu. Norway North Ocean | 65 15 N. 9 30 E. 
Am. Maryland Atl. Ocean 38 48 N.] 75 O8 W. 
Am. New Wales Inland 51 14 N.] T4 4A W 
Am. New Wales | Hudſon's Bay| 55 10 N. 84 oo W. iz oo if 
Am. {Virginia {Atl. Ocean 37 oo N. 76 23 W. 11 15 
Eu. Sweden [G. Bothnia 62 38 N 17 58 E. 
Aſia. Soc. Iſles Pacif. Ocean | 19 17 S.} 158 43 W 
Eu. Denmark |Cattegat 506 12 N. 11 48 E. 
Eu. France B. Biſcay 46 24 N. 2 14 W. 
Eu. Greenland North Ocean | 83 23 N. 26 40 E. 
Aſia N. Hebrides | Pacif. Ocean | 17 25 S.] 168 38 E. 
| 13-17 N.] 74 24 W 
x 18 29. N.j 73 22 W. 
Am. Antilles Atl. Ocean 19 50 N.] 73 18 W. 
| DID 18 28 NI 72 42 W. 
18 25 NI 69 30 W. | 
| 19 05 N.F 68 30 W. 
Afia China Vellow Sea 33 35 NJ 118 55 E. 
Am. Bahama Ati. Ocean 21 41 Ne} 73 35 W.3 
Eu. France B. Channel 49 45. N 1 51 W. 
| 25 30 - 111 10 * i 
— = , 141 31 E. 
Aſia —_—_—— nn Ocean 43 38 * 146 — E. 
1 27 10 8| 153 39 K. 
Eu. England Germ. Ocean} 53 N. o 36 E. ; 
[Aſia Siberia North Ocean | 72 32 N 179 45 E. | | 
Eu, Wales Lriſh Sea 53 23 N. 4 40 W. x 30 
Am. New Spain [Caribbean Sea 16 18 N. 85 23 W. 
Am. Antilles Atl. Ocean 22 54 N. 82 40 W ; | 
Eu. France KR. Seine 49 24 N. o 20 E.F 9 o | 
Aſia | Marqueſas |Pacif. Ocean BEL. 26 S.] 138 47 W. | 
Eu. | Netherlands Inland 3 h $66 
Eu. Greenland North Ocean 76 22 N.] 23 40 E. | | 
Am. T. dei Fuego Pacif. Ocean | 55 59 S.] 67 21 W. 
Fu, Greenland | North, Ocean | 76 41 N. 13 36 E. | 
Africa Caffres Indian Ocean F 34 03 N.] 18 24 E. 
Aſia | >ociety's Iſ. Pacif. Ocean] 16 46 8. 154 2W.{ 
Afia N. Holland |Pacif. Ocean 37 24 J. 150 00 E. | 
Aſia Society Iſles [Pacif, Ocean | 16 44 S.| 151 W. 
Eu. England Germ. Ocean] 52 59 N. 033 E. 
Aſia India B. Bengat 21 45 N. 89 15 E. 
Eu. England R. Humber 53 50 N. o 28 W. 6 oo 
Eu. England Germ. Ocean 53 55 N. 024 B. 5 13 
Aſia India Inland 17 12 N.] 78 56 F. | 
Am. | Bahama Atl. Ocean 21 27 N. 73 29 we 
| 3 | 
Aſia | Japan. Pacif. Ocean 36 06 N.] 139 40 E. 
Afia I. Ceylon Indian Ocean 9 47 N. 80 55 E | 
Africa C. Verd Atl. Ocean 15 07 N. 23 30 W. | 
Aſia Siberia Pacif, Ocean] 62 2 N. 129 48 E. | | 
| | | 18 45 N.] 78 oO W 
Am. | Weſt Indies | Atl. Ocean 18 oo N. 76 40 W | 
17 38 N.j 96 oe W. | 
Am. [Virginia B. Cheſapcak 37 30 N.] 76 O W. | 
Am, |Brabl Atl. Ocean 223: 584-3 | 443 80 VE. | 
2 40 40 N inn. 
Aſia 8 {Pacif, Ocean | $00 45 N. 126 ry E. 
| 4 
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Names of Places. 


Jaſſy 
Java Head 
Ice Cove 
lce Point 
Ice Sound 
Ice Cape 
I. Jerſey 
Jeruſalem 
I, Hay, S. pt. 
R. Indus 
Ingolſtadt- 
Inverneſs 
I. Joanna 
Juddah 
[C. St. John 
C. St. ſohn 
St. John's 
1 John's 
1. St. John E pb 
| apt | N. pt. 
I. St. John de Nova 
St. John de Luz 
Cape Jones 
Joppa 
Jones Sound 
St. Joſegh 
Ipſwich 
Irraname 
Iſlamabad 
| Iſmail 
Iſpahan 
| . St. Juan 
I. Juan Fernande 
Judda | 
Port, St. Julian 
I. Ivica 


* 


| Kalmer 
| Kambaya 


Kamtſchatka 4 — 


I. Karaghinſkoy 
I. St. Katharine's 
Kaye's Iſland 
eco 
Kegor 
R. Kennebeck 
Kentiſh Knock, a 
ſand | 
I. St. Kilda 
Go Kilduin 
Kinſale 
Kiow 
Klip 
Kola 
e. Kol 
Port Komol 
Komero Iſtes 
Korſor Light 
R. Kowimia 
Kullen Light 
2 


Illes 
| 


| Ladrone, or Marian 5 
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Cont, 


Eu. 
Afia 
Am. 


Eu. 


Eu. 


[Am. 
Eu. 


Alia 
Eu. 
Aſia 
Eu. 
Eu. 
Africa 
Aſia 
Am. 
Africa 
Am. 
Am. 


Am. 


Africa 
Cu. 
Arn. 


Aſia 


Am. 
Am. 


Eu. 


Aſia 


Aſia 


Zu, 


[Aſia 
| Am. 


Am. 
Aſia. 


Am. 
Eu. 


Eu. 
Eu. 
Eu. 
Africa 


Africa 
Eu. 


A ſia 


Eu. 


Aſia 


Moldavia 
Java 

N. Main 
Nova Zem. 


{ Greenland 


England 
Paleſtine 
Scotland 
India 

{ Germany {1 
Scotland 
Zanguebar 
Arabia 
Newfoundl. 
Maiumbo 
Newfoundl. 


Antigua 


Canada 


Madagaſcar 
France 

New Britain 
Syria 
Greenland 
California 
England 

N. Hebrides 
Chittigong 
Turkey 
Perſia 
Statenland 
Chili 
Arabia 
Patagonia 
Spain 


Sweden 
India 


Siberia 
Siberia 
Braſil 


Tonquin 
Muſcovy 
N. England 


England 


Scotland 
Lapland 
Ireland 
Ukraine 
Greenland 
Lapland 
Sweden 
Aby ſſinia 


Z angudbar 


Countries. | 


| Denmark 
Siberia 
Sweden 


LY 


Inland 


Indian Ocean 


Hudſ Straits 


North Ocean 
North Ocean 
North Ocean 
Eng. Channel 
Inland 

Weſt Ocean 
Indian Ocean 
Danube 
Germ. Ocean 
Indian Ocean 
Red Sea 

Atl. Ocean 


Eth. Ocean 


Atl. Ocean 
Atlantic 
Bay St. Lau- 
rence 
Indian Ocean 
B. Biſcay 
Hudſon's Bay 
Levant 
Baffin's Bay 


Pacif. Ocean 


Germ. Ocean 
Pacif. Ocean 
B. Bengal 


R Z enduro 
Atl. Ocean 


Pacif. Ocean 


Red Sea 
S. Atl. Ocean 
Medit. Sea 


Baltic Sea 


Indian Ocean 


| Pacif. Ocean 


Pacif. Ocean 


| Atl. Ocean 


— . — 


Pacif. Ocean 
Indian Ocean 
North Ocean 
Atl. Ocean 


Germ. Ocean 


Weſt. Ocean 
North Ocean 
Atl. Ocean 


-| Neiper 


North Ocean 
North Ocean 
Sound 

Red Sea 


Indian Ocean 


G. Belt = 
North Ocean 


Cattegat 


Pacif, Ocean 


L atitu de. 


- | 
47 9g N. 
6 49 8. 
62 20 N. 
77 40 N. 
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Names of Places. | 


Lailrone (Grand) 
Laguna 
C. L' Aigulle 
Lancaſter 

I. Lanc-rota 
Land's End 
Land ſcroon 
| Langeneſs 
I. Lambay 
I. Lampadoſa 
B. St. Lazarus 
C. Ledo 
8 Leeds 
Leith 

Leghorn 

Leipfic 
I. Lemnos 
C. Lengua 
Leoſtoff 

Lepanto 
Leper's Iſle 

I. Leſow 
Licerpool 

I. Lewes, N. point 
Leyden 
Liampo, or Ningpo 
Lime |. 
Lime 
Limerick 
I. Limoſa 
I. Lipari 

l. Liqueo 

Liſbon 
| Liſbon Rock 
C. L'ſburne 
J. Lia 

Lizard 

Iſes S. W. end 
Loffout } N. E. end 
R. Loney Ent. 
London 

New London 
Londonderry 


| Long Iſle 


L. Longo 

| Longſand Head 

Lookout Point 

| Co Lopas ; 

[C. Lorenz a 

[B. St. Louis 

| Po 21S ; 

[P. Louis 
Loviſburg 
Lubec 7 . 

} ©, St. Lucar 

R. Lucia 

1. St. Lucia 
I; St. Lucia 

N. E. point 


. — 

. B. ja dor 
| 2& Uanilla 

— 4 point 
E. point 
Lur en 


— — — 
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Cont. 


Aſia 
Africa 
Africa 
Eu. 
Africa 
. 
Eu. 
Eu. a 
83 
Africa 
Am. 
Africa 
Eu. 


Am. 


Eu. 
Eu. 
Eu. 
Africa 
Am. 
Am. 
Am. 
Africa 


Africa 
Africa 
4 Me 


Aſia 


Fa. 


— — Anf <—_—_—_ — — —— — . — A m mm̃m,t 


Countries. Coaſt. Latitude. 
: 0 
China Chineſe Sea 22 1 N. 
Canaries Atlantic 28 29 N. 
Caffraria Indian Ocean | 34 50 8. 
England St. Geo. Ch. 54 42 N. 
Canarics Atl. Ocean 29 10 
England St. Geo. Ch. | 50 ob N. 
Sweden Sound 55 52 N. 
Nova Zem. North Ocean | 74 40 N. 
Ireland Iriſh Sea 53 24 N. 
Tunis Medit. Sea | 35 32 N. 
Patagonia |Pacif. Ocean | 48 42 8. 
Angola Atl. Ocean 9 * 8. 
England Aire 53 48 N. 
Scotland Germ. Ocean} 55 58 N 
Italy Medit. Sea 43 33 N. 
Saxony Inland -- "3 ID N, 
Natolia Archipelago 40 02 N. 
Turkey Medit. Sea 40 44 N. 
England Germ. Ocean 52 38 N. 
Turkey Medit. Sea 38 20 N. 
N. Hebrides | Pacif. Ocean 15 23 S, 
Denmark {Sound 57 05 N. 
England Iriſh Sea 53 22 N. 
Scotland Weſt. Ocean 58 35 N. 
Holland 52 10 N. 
China Pacif. Ocean | 29 58 N. 
Peru Pacif, Ocean 12 01 S» 
England Eng. Channel| 50 45 N. 
Ireland R. Shannon 52 22 N. 
Italy Medit. Sea 36 08 N. 
Italy Medit Sea 38 35 N. 
Japan Pacif. Ocean |. 28 co N. 
Portugal R. Tagus 33 42 N. 
Portugal Weſt. Ocean | 38 42 N. 
N. Hebrides |Pacif. Ocean | 15 41 S. 
Dalmatia |Adriatic Sea | 42 56 N. 
England Eng. Channel| 49 57 N. 
| 68 15 N. 
Norway North Ocean | 69 oo N. 
France B. Biſcay 47 07 N. 
England R. Thames 51 31 N. 
N. England |Weft, Ocean 41 50 N. 
Ireland Weſt. Ocean 55 01 N. 
N. England Weſt. Ocean 41 00 N. 
Dalmatia Ardriat. Sea 43 45 N. 
England Germ. Ocean] 51 47 N. 
Greenland I North Ocean | 76 40 N. 
Loango Atl. Ocean | 0 47 8. 
Peru Pacif. Ocean | 1 2 8. 
Louiſiana G. Mexico 28 50 N. 
Hiſpaniola [Atl. Ocean 18 19 N. 
Mauritius {Indian Ocean 20 10 8 
C. Breton B. St. Law. 45 54 N. 
Germany Baltic Sea | 54 oo N. 
Calefornia |Pacif. Oceaa | 23 15 N. 
Caifres Indian Ocean | 27 52 8 
C. de Verd | Atl. Ocean 16 43 N. 
Caribbee {Atl, Ocean 13 25 N. 
| | 19 25 N. 
g 18 50 N. 
Phil. INes JPacif, Ocean | 14 36 N. 
3 * 13 30 N. 
1 14 oo N. 
Sweden an Seca 55 42 N. 


Longitude. 
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114 1 E. 
16 13 W. 
20 06 E. 
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— of Places. 1 Cont.] Countries. Coaſt. Latitude. Longitude. 1 | 


a — 3 0 6 — — — — — — 
Jl | ES | | 
I. Luady Eu. jEngland Ist. Geo. ch. Ty 3 ol © 
Lupis's Head . { Eu, [Ireland Weſt, Ocean } — 2 — 1 my kg ien 
Luxemburg Eu. Netherlands | 49 37 N. 6 15 3 SY 
Lynn Wd  {Eu. [England Germ. Ocean] 52 46 N. © 30 E. 6 45 
C. Mabo Aſia New Guinea Pacif. Ocean 8. > | 
Macao, or Makau Aſia [China Pacif. Ocean 1 = N + ps. K : | ; 
Macaſlar Aſia I. Celebes Pacif. Ocean 5 og 8. IS _ E. | | 
C. Machian | Eu. Spain B. Biſcay 43 N 24 W. I 
Ci. St. Mary | , = S| : 1 | l: 
IB. St. Auguſtine ws i | _ 4 * 2 2 ny | | | 
8 | Terra de Gada - 38 ER 19 36 8. l 8 E. 5 | 4 
85 C. St. Andrew | | £30 = g. 3 2 E. 41 
Y C. St. Sebaſtian Africa Indian Ocean| 12 30 8 6 E. | 1 [| 
= | C. de Ambre | | 12 wo S.}. = E. Ci 
7 ! 
LS 3 | 16 00 8.] 49 40 E 1 | | 
Po. Dauphin ; | | 20 53 2 47 48 E. | {] 
I. Ma- { Funchal . . | po. 2s N. 3 — — 4 
n | AfricajCanaries Atl. Ocean — 2 N. 8 = W. ta 4 1 
Madraſs | Afia [India  |Indian Ocean] 13 5 N. 80 34 E. 1 | 
Madrid Eu. [Spain [R. Manzana 40 25 N. 03 21 W. | | | 
P. Madre de Dios Aſia |Marqueſas Pacif. Ocean 9 55 S.] 139 4 W. . 
Madura I Aſia India  jIndian Ocean 9 54 N.] 78 18 E. | Fi 
R. Maes, Mouth Eu. D. Neth. Germ. Ocean| 52 O6 N.] 3 50 E.] x 20 f 
tr. Le Maire Am. Patagonia Atl. Ocean 5 5 jo co Wy: . | | j 
| Magadoxa 85 Africa. Zanguebar Indian Ocean 2 53 NH 45 25 E 
by NT 1 Alia [Marqueſas Pacif. Ocean | 10 25 S.] 138 44 W. | 
tr a- » ent. . Atl. Ocean 2 JO | 
| gellan 2 W. ent, Am. - jCatagonia Pacif. Ocean 4 * 8. 5 18 W. 
| Magifiland | Aſia India Malabar Coa.| 12 10 N.] 74 14 E. | 
by 2 Am. Bahama I, Atl. Ocean 22 36 N. 72 25 W. | 
P. anon E 2 5 ä . | 
| Lad : Eu. Spain ng Sea 39 51 N. 9-$3-E. | 
1 Ma- Eu. [Spain Medit. Sea | 39 35 N.“ 2 35 E. | 
C. Mala Eu. [Turkey Archipelago 37 20 N.] 24 07 E. { 
| Malacca | Afia India Str. Malacca 2 12 N.] 102 10 E. | 
Ialegs-- Eu. Spain [Medit. Sea 36 43 N. 4 O2 W. 
| iſles Mal- 2 N. end . , 7 20 N. 73 03 E I 
June & e Aſia India Indian Ocean 5 76 10 E. | 
|- — bin- 5 Eu. Norway Weſt Ocean 68 o8 N. 10 40 E. ö 
I. Malique Aſia [|Maldive I. Indian Ocean 7 45 N.] 72 40 E. 4 
St, Maloes Eu. France Eng. Channel] 48 39 N. 1 57 W. 6 oo | 
I. Malta Eu. [italy Medit. Sea | 35 54 N.] 14 34 E. | 
I. Man, W. end Eu. England {Iriſh Sea 53 45 N.. 5 OO W. 9 oo | 
Mangalore Afia |India Indian Ocean 13 oz N.] 75 10 BJ © | 
Manilla Afia I. Luconia Pacif. Ocean | 14 36 N.] 120 58 E. | 
I. Mansfield, N. pt, | Am. New Britain Hudſon's Bay 62 38 N. 80 33 W. 
I. Manſia Africa. Zanguebar Indian Oceanſ 8 36 S. 40 40 k. 
I. Mardou Eu. Norway Sound 58 14 N. 8 55 E. 
I. Margarita Am, [Terra Firma Atl. Ocean 11 15 N.] 63 35 W. 
R. Maragnon Am. |Brafil Atl. Ocean 1 48 8. 44 17 W 
Margate Eu. England Eng. Channel| 51 29 N. 1 10 E. 11 15 
C. St. Maria Eu. Portugal Atl. Ocean 36 45 N. 7 45 W. 
C. St. Maria, or Lucia, Eu. Italy IMedit. Sea 40 04 N.] 18 31 E. 
Marian or ) N. lim. 21 co N.] 144 oo E. | 
Ladrone Aſia Pacif. Ocean | 
Iſles 15 lim, | 15 15 N.] 142 $55 E. 
I. St. Maries Eu. [Azores Atl. Ocean 37 O N.] 25 oo W. | 
St, Maries Eu. II. Scilly Eng. Channel|] 49 57 N. 6 38 W. 
I, Marigatlante Am. |Weſt ladies Atl. Ocean 16 Qo N. 61 10 W. 
I. Maritimo, Sicily Eu. {India  JjMedit, Sea 38 04 N. 12 33 E. 
18 If. Aſia | —— Pacif. Ocean] 9 56 N.] 139 OO W.] 2 30 
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Names of Places. Cont. Countries. 
1 
e. Martelo Eu. |Turkey - 
St. Martha Am. Terra Firma 
| J. St. Martin Am. Wieſt Indies 
[C. St. Martin Africa Caffres 
[C. St. Martin Eu. pain 
2 1 1 Am. Weſt Indies 
Marſeilles Eu. France 
| C. St. Mary Am. |Newfound]!, 
c. St. Mary Am. Braſil 
. St. Mary Aſia Natolia 
[C. St. Mary Eu. pain 
. Virgin Mary Am. | Patagonia 
| Maſafuero [Am. Chili 
I. Maſcarenhas Africa Zanguebar 
I. Maſcarin Am. peru 
| Maſcat Afia | Arabia 
$i Maſkelyne's Iſles Afia N. Hebrides 
3 | Eu. Sweden 
Maſulipatam Alia India 
C. Matzpan Eu. Turkey 
1. Matbare Aſia {Japan 
1. St. Matthew's e 
| St. Matthew's Lights | Eu. France 
I. Mauritius Africa Madagaſcar 
Maurua Aſia Society Illes 
I. May Africa. C. Verd 
C. May Am. ;Penfilvania 
L. Miyette Africa Madagaſcar 
pH. John Mayne Eu. Greenland 
Mecca {Aſia Arabia 
Mecblin Eu. Netherlands 
Medina Aſia | Arabia 
I. Melada Eu. Dalmatia 
#j Melinde Africa Zanguebar 
I. Melo [Eu. Torkey 
Memel Eu. iCourland | 
Memiſſan Eu. France 
I. Menado Aſia I. Celebes 
C. Mendozin Am. California 
Mercury Bay Aſia N. Zealand 
Mergui Aſia Siam 
R. Metaparvous | Am. Bahama 
Meſſina | Fu. II. Sicily 
C. Meſurzto Africa Tripoli 
1 C. Sigre | 
| n rg Metylene | Aſia |Natolia 
1 Po. Oliviea | 
11 Meun Eu. Denmarlc 
Mexico Am. Mexico 
Miatea [Aſia Society Iſles 
I. St. Michael Eu. Azores 
| Middleburgh Eu. D. Neth. 
Middleburgb, or : 
eee g ! Aſia Friendly If. 
Milan Eu. Italy 
Milford Eu. Wales 
Miso, 1. Mito Aſia Turkey 
Mill Isles Am. North Main 
F N. point 
5 . E. pt. C. st. | 
| 2 Auguſtine Aſia Spice Iſlands 
2 IS. W. pt. Cal- 
mw dera 
Has 8. point 


Coaſt. 


Atl. Ocean 
Atl. Ocean 
Att. Ocean 
Medit. Sea 


Atl. Ocean 


Medit. Sea 
Ati. Ocean 


IAtl. Ocean 


Archipgjago 
N. Atl. Ocean 
S. Atl. Ocean 


Indian Ocean 
Pacif Ocean 
Indian Ocean 
Pacif. Ocean 
Sound 

B. Bengal 
Archipelago 
Pacif. Ocean 
Eth. Oceun 
B. Biſcay 
Indian Ocean 
Pacif, Ocean 
Atl.. Ocean 
Atl. Ocean 


Red Sea 


Red Sea 
Adriat. Sea 


Inaian Ocean 
Archipelago 


Baltic Sea 

B. Biſcay 
Pacif. Ocean 
Pacif. Ocean 
Pacit. Ocean 
B. Bengal 
Atl. Ocean 
Medit. Sea 
Medit. Sea 


Archipelago 


Baltic Sea 
Inland 
Pacif. Ocean 
At}, Ocean 
Germ. Ocean 


Pacif. Ocean 


Medit. Sea 
St. Geo. Ch. 
Archipelago 
Hudſon's Bay 


Pacif, Ocean 


: 


Medit. Sea 


Pacif. Ocean | 


Indian Ocean | 
North Ocean 
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| | — | 
Names of Places. | Cont. | Countries. | Coaſt. Latitude. | Longitude, L 
| | | 
II. Mindora Atta |Philip. Iſles | Pacif. Ocean 13 oo N.] 119 47 k.“ \ 
. e K. . Ev. {Spain Mediterran. J 39 53 N.] 3 54 E. | 
norca 5 S. E. pt. ö * 40 24 N. 4 18 E. | 
G. Miquelon [Am. Newfoundl. At!, Ocean 47 3 N. 56 13 W. . 
L. Miquelon Am. |Newfoundl. | Atl. Ocean 46 50 N. 56 13 W 
I. Miſco Ame Nova Scotia G. St. Lawr. | 48 04 N.] 64 19 W. 
C. Miſerata Africa Guinea Atl. Ocean 6 25 N. 9 35 W | 
R. Miſſiſſippi, mouth Am. [Louiſiana G. Mexico 29 00 N. 89 17 W. ; 
Mizen Head Eu. Ireland Atl. Ocean 51 16 N.] 10 20 W. | 
| Mocha | | Aſia Arabia Red Sea 1 13 45 N. 44 og F. 
Modena Eu. Italy Ialand 44 34 N. 11 18 E i 
Modon Eu. [Turkey Medit. Sea 36 55 N. 21 03 E. | | 
l. Mohilla Africa Zanguebar | Indian Ocean | 11 55 8.] 45 oo E it 
I. Montſerat Am. [Weſt Indies | Atl, Ocean 16 48 N. 62 12 W. | 
| Montagu Iſle Afia N. Hebrides } Dacif. Ocean 17 26 S.] 168 36 E. 1 
Montreal Ame Canada R. St. Lewr. 45. 52 N. 73 11W 
I. Monte Chrito Eu. Italy Medit. Sea 42 17 N. 10 28 E.“ 6 
C. Monte Sano Eu. [Turkey Archipelago 40 27 N.] 24 39 E. | 
Monument Afia N Hebrides | Pacif. Ocean 17 14 S| 168 38 E. ö 
Mooſe Fort Am. [New Wales | Hudſon's Bay 51 16 N. 80 50 W . 
I. Morgo Aſia INatolia Archipelago 36 55 N 26 30 E | 
Morlaix | IEu. France Eng. Channel] 48 30 N 3 50 W. | 
Mort Point Eu. Esgland St. Geo. Ch. | 51 12 N. 4 40 | 
Moſambique , Africa Zanguebar Indian Ocean | 15 00 S. 41 40 E. N 
Moc Eu. |Ruitia R. Moſcow 55 45 N. 37 51 E. ; 
' Moſkettos Bank Am. Mexico Atl. Ocean 14 45 N 8 o W. N 
Moſchetto Cove Am. [Greenland North Ocean | 64 55 N 52.51 W. | 
C. Mount Africa Guinea Atl. Ocean | 7 12 N. 10 44 W : 
Mount's Bay Eu. England Eng. Channel} 50 of N.. 5 45 W. ah. 30m. 
Mouſe River Am. New Wales Hud ſon's Bay] 51 25 N.] 83 15 W. 
C. Muſaldon : Aſia: [Arabia Perſian Gulf | 26 04 N. 55 22 E. | 
„ | | | 
C. Nabo Asa Japan bacif. Ocean {| 40 35 N.] 141 25 E * ö 
Nagpour | Aſia |Berar | | 21 N 79 51 E g 
Namur Eu. Netherlands 2 50 N. 4 50 E. 
Nancovery Harbour |Afia |Nicobar I. B. Bengal 7 58 N.] 92 31 E. | 
Nangaſaki Afia Japan Pacif. Ocean | 32 32 N.] 128 50 E. 
Nankin | Afia {Chira 2acif. Ocean | 32 07 N.] 118 35 E. | 
Nantes, Eu. France P. Biicay - 47 14; 29 W:| 4: 60+: 
Nantucket Ifle Am. New Eng. Weir Ocean 41 34 N.] 69 40 W. 0 
Naples | Eu. IItaly Medit. Sea 40 5i N. 14 19 F | 
Narbonne Eu. France Medit. Sea 43 11 N 3 05 E. 
Narſinga Aſia India B. Bengal 18 05 N. 85 20 E 
Narva Eu. Livonia G. Finland 59 23 N.] 29 27 E 
1. Naſſau Aſia Sumatra Indian Ocean 3 co S.] 100 25 E 
C. Naſſau Am. [Terra Firma; Atl, Ocean 7 53 N. 58 O W. 
Naſſau Str. Eu. Ruſſia North Ocean 69 55 N 57 30 E. 
B. Natal Africa Caffres Indian Ocean 29 25 8 33 10 E. 
I. Navaſſa Am, W. Indies |Carib. Sea 18 23 N.] 74 56 W. 
I. Naxos Eu, [Turkey Archipelago 37 06 N.] 25 58 E. 
Naze Eu. [Norway Weſt, Ocean | 57 50 N. 7 32 E. 11 15 
Needles Eu. England Eng. Channel] 50 41 N. 1 28 W. 10 15 | 
Negapatam Aſia |lndia  }B. Bengal 10 46 NF do 02 E. 
C. Negrailles Aſia Pegu B. Bengal 16 20 N. 94 15 E. | 
C. Negro | Africa |Catfres Atl. Ocean 16 30 S. 11 30 W | 
C. Negro Africa Bar bary | Megit. Sea . 37 17 N. g og E | 
Negropont Eu. Turkey Archipelago 38 30 N.] 24 05 E. 
Port Neiton [Am. {New Wales | Hudſon's Bay| 57 07 N. 2.37 W. 
pert Neiſon's Shoals Am. }N2w Wales |Rudſon's Bay{ 57 35 N. 92 07 5 8 20 | 
I. Nevis am. {Caibbeelſles| Atl, Ocean 17 11 N. 62 52 W. 
Newcaſtle Eu. I[Eagland Germ. Ocean] 55 03 N. x 28 W.1 Y:- 3B 
R. Nicaragua Am. [New Spain {Atl. Ocean 11 40 N.] 82.47 Ws 
Nice | tu, [Icaly Me«dit Sea 43 42 IN. 7. E. 
Iſ. Nicobar og Aſia [Slam B. Bengal | 7 4 N. 93:44. = 
l. St. Nicholas Atcica}C, Verd I, 4 Ocean 16 35 N.] 24 6 W. 
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| Names of Places. | Cont. | Countries. Coat. Latitude. 
| | , 
Nicotera Eu. 11 Medit, Sea | x G 
IN ieuport Eu. Flanders Germ. Ocean] 51 08 N. 
Ninhay Afia [China Pacif. Ocean | 37 10 N 
Ningpo, or Liampo [Aſia China Pacif. Ocean | 29 58 N. 
fl. Nio Eu. {Turkey Archipelago 36 48 N. 
1. Noel Afia [India Indian Ocean | 1o 30 8. 
c. Noir Am. T. del Fuego] Pacif. Ocean 54 32 8. 
Norfolk Iſle Afia N. Holland Pacif. Ocean } 29 2 8. 
IC. de Non AfricaſBarbary | Atl. Ocean 28 04 N. 
Nombre de Dios Am. Terra Firma. Cariibbe. Sea] 9g 43 N. 
Nootka Sound Am. — Facif. Ocean] 49 3s N. 
Nore Eu. England R. Thames 51 28 N. 
I Noriton Am, Penſilvania Inland 40 10 N. 
c. North Am. Terra Firma] Atl. Ocean | 1 45 N.“ 
C. North Am. [C. Breton | Atl. Ocean 47 56 Nj 
C. North Am. |S. Georgia | Atl. Ocean 54 5 8. 
N. Cape, I. Maggoroe Eu. Lapland North Ocean] 71 10 N. 
North Point Eu. Norway North Ocean | 62 15 N. 
[North Bluff [Am. North Main | Hudſon's Str. | 62 30 N. 
t. Nottingham, E. pt. Am. New Britain | Hudſon's Str. | 63 35 N. 
Nuremberg Eu. Germany Inland 49 27 N. 
| O. 
Oaite-Peha Bay Afia |Otaheite |[Pacif. Ocean 17 46 S. 
} Ochozk Afia | Tartary Sea of Ochot. 59 20 N. 
| Oczakow Eu. |Turkey Black Sea 45 12 N. 
. Oela nd J N. end EA Sweden Baltic Sea 3 
N. end 57 23 N. 
ohamaneno Bay Aſia Society Ifles | Uliatea 16 46 8. 
Ohevahoa I. Afia | Marqueſas |Pacif. Ocean 9 41 8. 
| Ohiteroa I. Afia | Society Iſles Pacif. Ocean | 22 27 S. 
Old Head of Kinfale Eu. Ireland Atl. Ocean 51 30 N. 
1. Oleron Eu. France B. Biſcay 46 03 N. 
| Olinde Am. |Brafil S. Atl. Ocean| 8 13 8. 
| Oliva Eu. Germany | Baltic Sea 54 20 N. 
 F Ollon» Eu. |France B. Biſcay 46 32 N. 
[Ona »o I, Aſia | Marqueſas |Pacif. Ocean 9 53 8. 
| Oncglia Eu. Italy Medit. Sea | 43 57 N. 
c. Oonemak Am. Fox Iſles Pacif. Ocean] 54 31 N. 
2 Eu. Portugal | Atl. Ocean 41 10 N. 
Oran Africaſ Barbary Medit. Sea 35 45 N. 
C. Orange Am. | Terra Firma Atl. Ocean 4 27 N. 
Orbitello Eu, Italy Medit. Sea | 42 30 N. 
I. Orchillo [Am. | Terra Firma Carribean Sea 11 32 N. 
Orenburg Afia Aſtracan Inland 51 46 N. 
Orfordneſs Eu. England Germ. Ocean] 52 17 N. 
Orkney Iſles, limits Eu. Scotland {| Weſt. Ocean 2; 2 = 
New Orleans Am. Louiſiana R. Miſſiſſipi ] 30 oo N. 
I. Ormus Afia Perſia G. Perſia 27 30 N. 
C. del Oro, or Olerada Africa. Negroland | Atl. Ocean 23 30 N. 
Oronoque Ame Terra Firma] Atl. Ocean 8 08 N. 
C. Oropeſo Eu. Spain Medit. Sea 40 20 N. 
Orotava Africa Canaries Atl. Ocean 28 23 N. 
Orſk Aſia |Tartary Inland 51 12 N. 
C. Ortegal Eu. Spain B. Biſcay 43 47 N. 
Ortona Eu. Italy Medit. Sea 42 19 N. 
I. Oruba Am. Terra. Firma Caribbean Sea} 12 03 N. 
Oſnaburg Iſle Aſia Society Iſtes |Pacif. Ocean | 22 00 8 
Oſtend Eu. Flanders Germ. Ocean] 51 14 N. 
C. Otranto Eu. Italy Medit, Sea 40 23 N 
Owharre Bay AſiaHuaheine Pacif. Ocean 16 44 8. 
Oꝛaca Aſia Japan Pacif. Ocean | 35 10 N 
. 
c. Padron Africa Congo Atl. Ocean 6 00 8 
Padua Eu. Adriatic 
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Names of Places. | Cont.| Countries. 
KPaita, Am. Peru 
C. Paillouri Eu. Turkey 
Palermo, I. Sicily Eu. Italy 
| Paliakate Afia India 
| Pailiter's Iſles Aſia Society Iſles 
C. Palliſer Afia N. Zealand 
. Pama Africa Canaries 
I. Palimaria Eu. Italy 
Palmerſton's Iſle Aſia Society Iſles 
C. Palmiras Aſia India 
C. Palmas Africa] Guinea 
Panama Am. | Mexico 
I. Panaria Eu. Italy 
Panorma Eu. [Turkey 
I. Pantalaria Eu. Italy 
N. Part Im Mexico 
R. Paraila Am. [Graſil 
Paris Eu. France 
C. Paſſero Eu. II Sicily 
C. Patam Afia | Malacca 
l. Patmos Aſia |Natolia 
Patrix fiord Eu. Iceland 
R. Pattahan Aſia I. Sumatra 
C. Paul Eu. Spain 
I. St. Payt- Am. | Newfoundl, 
II. St. Paul Afia | Madagaſcar 
St. Paul de Leon Eu, France 
I. Paxeros Am. {| California 
I. Pearl, or Serana Am. {| Welt Indies 
Pega Aſia India 
Pekin \lia | China 
I. Pelugoſa Zu. Italy 
l. Pemba Africa Z2ngu2har 
C. Pembroke Im. Ne Wiles 
| ls Pengwin Am. |N-wfoundl, 
Penmark gu. France 
R. Penobſcot Am (New Eng. 
Pernambuco Im. jBraſll 
|Perapoli Aſia Iadia 
1, St. Peter Am }N-wfoundl. 
F. St. Peter Am. | Miartinico 
St. Peter and Paul Afia | Camtichat. 
Peterſburg Cu. Tata 
C. Petra Aſia |Natolt1 
Peverel Point Fu. England 
| | Philadelphia Am. |Ve::filvania 
St, Phitip Africa Bengueta . 
'T, Pianoſa Cu. Italy 
Iſle of Pines Aſia N. Caledonia 
l. Pico (bike) Eu, Azores 
7n, Spain 
ice zill's I. Am. 8. Georgia 
Pickerigill's Harb. Aſia N. Zealand 
* 3 * Am. California 
Piſa Eu, Italy 
Piſcadore Iſles Aſia Chioa 
Pitcairn's I ſles Jam. Chili 
Placentia Am. Newfoundl. 
R. Plata | Am. |La Plata 
R. Platewrack Am. [Bahama Iſles 
Plymouth Eu. [England 
Policaſtro Eu. Italy 
Is. Polſapate Aſia |Cembaya 
I. Poma Eu. Dalmatia 
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Coat, 


Pacif, Ocean 
Archipelago 


Medit. Sea 


B. Bengal 
Pacif, Ocean 
Pacif. Ocean 
Atl. Ocæan 
Medit. Sea 
Pacif. Ocean 
B. Bengal 
Atl. Ocean 


Pacif. Ocean 


Medit. Sea 
Medit. Sea 
Medit Sea 
G. Mexico 
Atl. Ocean 
K. Seine 
Medit. Sea 
Indian Ocean 
Archipelago 
North Ocean 
Str. Malacca 
Medit. Sca 
B. St. Lawr. 
Indian Ocean 
Eng. Channe! 
Pa.if Ocean 
Atl. Ocean 


B. Bengal 


Inland 
Adriatic Sea 


indian Q<cean 
Audſon's Bay 
Atl, Ocean 
3. B ſcay 
Atl. Ocean 


S Atl. Ocean 


3. Bengal 
Atl. Ocean 
Ati. Ocean 
Beerings St. 
Zaltic Sca 
Archipelago 
Eng. Channel 
R. Delawar 
Atl, Ocean 
Medit Sea 
Pacif, Ocean 
Atl. Cccan 
B. Biſcay 
Atl. Ocean 
Indian Ocean 


Pacif, Ocean 


Medit. Sea 
Pacif. Ocean 
Pacit. Ocean 
Atl. Ocean. 
Atl. Ocean 
Atl, Ocean 
Eng. Channel 
Medit. Sea 
Indian Ocean 


Adriat. Sea 


Ft 


O 7 J 


5 20 
3 59 
38 10 
13 40 
15 38 
41 40 
28 36 
41 
18 
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k. Water. 
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| | 
| Names of Places. [Cont. 
| Pandicherry Aſia. 
Pontorſou Eu. 
Ponoi Eu. 
I. Ponza Eu. 
Pool a Eu. 
Porto Port Eu. 
Port Mahon Eu. 
Portland Eu. 
port l'Orient Eu. 
Porto Bello Am. 
Porto Praya Africa 
2 E. point 
te © P 4 
182 E Rico Am. 
— W. point . 
Port Royal Am. 
| Port Royal Am. 
I. Porto Sano Atrica, 
| Poriſall Eu. 
| Portſmouth. R. Aca. Eu · 
MI. Portland Eu. 
I. Portland Aſia 
5 Prague Eu. 
P.aken Aſia. 
Prenau Eu. 
I. Princes Africa 
C. Prior Eu. 
II. Providence Am. 
I. Providence, or? 
St. Catherine 5 * 
| Pudyoua | Aſia 
[{ Pulo Condor Aſia 
l. Pyleſtaart Afia 
| 2uaqna, or Ivory ? . 
hy H b $ . 
Vebec Am. 
| Queda Afia 
I. Quelpert Aſia 
BULL Africa 
J 41m a.. 
| > ct Aſia 3 
Quiraba Iſles Afric: 
2. uiros Aſia 
_ FU Quico | Am. 
HAY |, 
[C. Race Am. 
| Ragula Zu, 
| Raj apour Aſia 
Ramſgate Eu. 
| Tamhead 19 
e Raſa!gate A ſia 
Ravenna Cu. 
D. Ray Am 
| i. Rhee Eu. 
| Regio Eu, 
[C. Reiktanefs Eu. 
Cape Reſlution Am. 
Reſolution Bay Atta 
; Reſolution Ind Afia 
Reſolution Port Aſia 
Revel Eu. 
Rhodes, N. 
3 2 end : 
£ = } C. Tranquil, Alia 
S. end 


Countries. 


India 
France 
Lapland 
Italy 
England 
Portugal 
Spain 
England 
France 


New Spain 


va Verd 
Antilles 


Jamaica 
Martinico - 
Canaries 
France 
Ingland 
lceland 

N. Zealand 
Bohemia 
Joch. Chi. 
Livonia 
Juinea 
Spain 
Bahama 


Mexico 


NJ. Caledonia 
ambaya 
friendly It 


Juinea 
Janada 
Malaya 
Korea 
Languebar 
*ranice 
Joch. Chi. 
/.anguebar 
VN. H-brides 


Peru 


Newfoundl. 
Dalmatia 
india 
gland 
England 
Arabia 
Italy 
New foundl. 
France 

Traty 
Ireland 

N. Main 
Marqueſas 
Soc. Iſies 
N. Hebrides 
Livonia 


Natolia 


| 


q 8 — — 
Coaſt. | Latitude, | Longitude, 
| 8 0 P 63 
B. Bengal 11 42 N.] 79 E. 
Eng. Chan. 48 33 N. 1 27 W. 
North Sea 67 5 N, 38 48 E 
Medit. Sea 40 53 N.] 13 og E 
Eng. Channel| 51 OO N. 1 50 W. 
Atl. Ocean 41 10 N. 8 22 W 
| edit, Sea 39 51 N. 3 53 E. 
Eng. Channel] 50 30 N. 2 48 W. 
B. Biſcay 47 47 N| 3 13W. 
Carib, Sea 1 79 45 W. 
Atl. Ocean 14 54 N. 23 24 W. 
18 35 N. 65 58 W. 
Atl. Ocean | 18 29 N 66 35 W. 
. 18 34 N. 67 51 W. 
tl. Ocean 17 59 N. 76 40 W. 
Atl. Ocean 14 36 N. 61 4 W. 
Atl. Ocean 32 58 NI 16 20 W. 
Ing. Channe | 48 36 N. 4 43 W. 
Ing. Channe! | 50 48 N. 1 o1 W. 
North Sea 63 22 N.] 18 49 W. 
Pacif. Ocean 39 25 N.] 178 17 E 
Inland 50 4 N. 14 50 E. 
[ndian Ocean] 17 15 N.] 106 15 E 
Zaltic Sea 58 26 N. 24 58 E. 
Atl. Ocean 1 47 N. 6 39 E. 
Att. Ocean 43 29 N. 8 15 W. 
Atl. Ocean 24 51 NI. 77 o1W. 
Atl. Ocean 13 26 N. 80 42 W 
Pacif. Ocean 20 18 S | 164 46 E 
indian Ocean 8 40 N.] 107 25 E 
Pacif. Ocean | 22 23 Sf} 175 44 W. 
th. Sea 5 00 N. 4 oo W 
x. St. Lawr. | 46 49 N.] 71 10W. 
Z. Bengal 6 15 N 100 12 E. 
”acif, Ocean | 33 32 N 128 4 E. 
'ndian Ocea:'} 9g 30 S 39 og E 
2, Biſcay 47 58 N. 4 O W. 
ndian Ocearf 12 52 N.] 109 10 E. 
indian Ocean | '11 O N] 41 39 E. 
>acit, Ocean 14 56 S.] 167 25 E 
nland CCCCCCCCCCC W. 
Atl. Ocean 46 40 N 52 38 W. 
Medi. Sea 42 45 N. 20 O E. 
Indian Ocear| 17 $9 N. 73 50 E. 
Downs | 51 20 N. 1 22 E 
Eng. Channel] 50 19 Nel 4 15 W. 
indian Ocean] 22 46 N. 58 48 E. 
Medit. Sca 44 26 N. 22-21 E. 
Atl. Ocean 47 37 N. 59 8 W. 
3 Biſcay 46 15 N. 1 28 W. 
Mediterran. | 38 22 N. 16 37 E. 
North Sca 63 55 N. 22 42 W. 
Hudſ. Straits | 61 29 N. 65 10 W. 
Pacif. Ocean 9 55 $:j 139 4. 
Pacif. Ocean 17 23 8.] 141 40 W. 
Pacif. Ocean 49 32 S.] 109 46 E. 
Baltic Sea 59 26 N. 24 24 E 
36 27 N. 28 36 E 
Archipelago 
. 


1 13 

6 oo 

> 
| 

3 oo 


Names of Places. 


Riga 


Ripraps, a ſand 
| Robin Hood's Bay 


I. Rocca 
Rochefort 
Rochel 
Rocheſter 
I. Rodrigue 
IC. Romain 
Rome 

I. Roncadore 
Roos Bay 
C. Roque 

I. Roquepiz 
G. Roſes 
Roſtock 

I. Rotterdam 
| Rotterdam 
Rouen 

C. Rox ant 
C. Roxo 

C. Rozier 
I. Rugen 


J. Rum Key, or 


Samana 
R. Ruport 
C. Rulato 
Ruſt Iſles 
I 


C. Sable 


1. Sable W. end 


J. Saddle back 
Saffia 


J. Safanjal bahr. 


1. Saintes 
B. Saldanna 
1. Sal 


Salerno 


1 Salini, Lipari In. 


I. Saliſbury 
Sallee 


1 Solomon Iſles 


| Salonicha 
| I, Salvages 


1 Salvages 


1. Samos 
i. Sambelong 
= Sambrough 


Sandwich 


Sandwich Ifland 
Sandwich Harbour 
1 Bay 


I. Sanguin 
1. Sanien 
Santa Cruz 


laro 
Cagliari 
„ C Oriſtagni 
Sarena 


» Sardinia 


LE — 


” A 


Upper | 
Lower 


Am. 


N. limit | | 
Is pt. . Tavo- | 
Eu. 


FE; 
Africa 


Am. 
Eu. 


Am. 


Am. 
Africa 


Eu. 


Eu. 


Am. 
Am. 
Am. 


| Africa 
Africa 


Eu. 
Africa 
Africa 
Eu. 
Eu. 
Am. 
Africa 


Aſia 


Eu. 
Africa 


Am. 


Aſia 
Aſia 


Am. 
Eu. 
Aſia 
Aſia 
Am. 
Aſia 
Eu. 
Africa 


Am. 


Countries. 


N | Coaſt. 


Livonia 
England 
England 


Terra Firma 


France 
France 
England 
Madagaſcar 


Terra Firma 


Italy 
Mexico 
Greenland 
Braſil 
Madagaſcar 
Spain 
Germany 
Friendly If. 
D. Neth. 
France 
Portugal 
Negroland 


Nova Scotia 
G-rmany 


Bahama 


New Britain 


Barca 
Norway 
England 


Nova Scotia 
Nova Scotia 


North Main 


Barbar 
Egypt 
France 
Caffres 
C. Verd 
Italy 

Italy 

N.— Main 
Barbary 


Turkey 
Canaries 


[North Main 


Natolia 
India 


Nova Scotia 


Oonalaſka 
England 


N. Fie..cides ' 


Malicola 
S. Georgia 


Philip. Iſles 


Norway 
Barbary 


Italy 


Chili 


Baltic Sea 


Straits Dover 


Germ. Ocean 


Atl. Ocean 
B. Biſcay 
B. Biſcay 

R. Medway 
Indian Ocean 
Atl. Ocean 
Medit. Sea 
Atl. Ocean 
North Ocean 
Atl. Ocean 


Indian Ocean 


Medit. Sea 
Baltic Sea 
Pacif. Ocean 
Germ. Ocean 
R. Seine 
Atl. Ocean 
Atl. Ocean 
G. St. Lawr. 
Baltic Sea 


Atl. Ocean 


Hudſon's Bay | 


Medit. Sea 


North Sea 
Eng. Channel| 


Atl, Ocean 
Atl. Ocean 
Hudſ. Straits 
Atl. Ocean 
Red Sca 

B. Biſcay 
Atl. Ocean 


tl. Ocean 


Medit. Sea 
Medit. Sea 
Hudſon's Bay 
Atl, Ocean 


Pacif. Ocean 


_ [Archipelago | 
N. Atl. Ocean 


Hudſ. Straits 


Archipelago 
B. Bengal 
Atl. Ocean 
Pacif. Ocean 
Downs 
Pacif. Ocean 
Pacif, Ocean 
Acl. Ocean 
Pacif. Ocean 
North Ocean 
Atl. Ocean 


Medit. Sea 


Pacif, Ocean 


=" 


| Latitude. | 


2 * 
56 56 N. 
51 53 N. 
54 25 N. 
11 21 N. 
46 03 N. 
46 10 N. 
51 26 N. 


19 41 
11 40 
41 54 
13 30 


79 53 N. 


5 O0 
9 31 
42 10 
54 10 
20 16 
51 56 
49 27 
38 45 
11 42 
48 55 
54 32 


23 oo 


— . — —— — — — — 
—— 


229 


2292 
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3 oo 


10 OD 


9 00 
1 10 


rt 30 | 
4 


Szundets Iſle 


Names of Places. 4 Cont.| Countries. Coaſt. Latitude Longitude. H. Water 
1 N | Gt Stn Lag ] — | 
P24 . 
Saunders Ie Am. Sandwich L. Atl. Ocean 58 00 8. 26 53 
C. Saunders Am. |S. Georgia Atl. Ocean 54 6.8. 36 53 W. 
Scanderoon Aſia Syria Levant 36 35 N 36 25 E py 
Scarborough head Eu. England Germ. Ocean] 54 18 N oO oO 3h. 45m, 
& 1. Scarpanto Aſia Natolia Archipelago 35 45 N.] 27 40 E 
I. Scatarie, N. E. * Am. Acadia Weſt, Ocean | 46 c1 N| 61 57 W. 
Scaw Eu, Denmark [Sound 57 34 N.] 10 54 E 
| I. Schelling Eu. D. Neth. [Germ. Ocean 53 27 N. 5 30 E. 
1 C. St. Nicholas = | 38 38 N. 26 12 E. 
8 3855 Afia |Natolia Archipelago | {3 24 N. 26 29 E 
C. Blanca | (38 08 N. 26 20 E. | 
Zia Iſles Eu. England St. Geo. Ch. | co oo N. 6 45W.| 3 45 
Scolt Head Eu. | Englant Germ. Ocean| 53 00 N. o 49 E. 6 2 
Scots Settlement Am. Terra Firma] Caribbean Sea 8 45 N. 76 35 W. 
I. Sea Eu. Turkey | Archipelago 37 38 N. 44 33 E. 
Seames Eu. France B. Biſcay 43 00 N. 4 51W, 
I. Szbaldes Am. Patagonia |S. All. Ocean 50 53 S.} 59 35W 
C. Sebaſſ an Am. California [Pacif. Ocean 43 00 N.| 126 coW, | 
C. St. Sebaſtian Africa Madagaſcar | Indian Ocean 12 30 8. 46 30 E. | 
t. Sebaſtian Eu. pain. B. Biſcay 42 16 N 2 O5 W. 
| Port Segura Am. |Brafil Atl. Ocean 16 57 8. 39 45 W. 
R. Senegal Africa Negtroland | Atl. Ocean 15 53 N. 16 26 W. 10 30 | 
fi Seraniiha Am. | Weſt Indies | Atl, Ocean 16 20 N. 79 40 W. | 
| Sercec Kamen Aſia |Iſchutſkit | Beering's St. 67 3 N 171 49 W. 
I S*rizo Eu. Turkey Archipelago 36 og N.] 23 24 E. | 
Seripgapatam Aſia India Caiver 12.32 N. 76 52 E. 
11. Series Africa] Canaries Atl. Ocean 32 35 N. 16 20 W. 
R. Seſtos Africa Guinea Atl, Ocean | 5 48 N. 8 13 W. | 
deyen Capes Africe| Barbary MeJit, Sea 37 30 N. 6 15 W. | 
Þ 5-ven Stones, or Iles | Eu. England St, Geo. Ch. | 50 10 N. 6 40 W. 4 230 
IX. Severn, Ent. Eu. England St. Geo. Ch. | 51 41 N. 305 W. 6 o 
| & Cevern Am. [New Wales |Huilſon's Bay] 56 12 N. 88 57 W. 
R. Seyn, Ent. Eu. France Eng. Channel} 49 36 N o 30 E. 9 co 
Sey 3444 Eu. France Eng. Channel! 49 44 N. o 34 E. | 
*ho-imnets Eu. [England R. Thames 51 25 N. 0 50 E.“ o oo 
Se pherd's Iſles Alia JN. Hebrides | Pacit. Ocean 17 co S | 168 47 E 
diam Aſia India Bay Siam 14 18 Nj 1co 55 E 
| K. Sam, Ent. Aſia India Bay Siam 13 15 N.] 100 47 E. 
Sista Am. [Braſil Ati. Ocean 3 18 S. 29 50 W. 
J E end, Meſſina | | (33 10 N 15 58 K 
15 | Comes [37 22 N 14% 1 . 
123 racuſe . RI 37 04 N. 15 31 E. 
44 C Paifara Eu. Italy Mit. Sea |4 36 35 N 15 22 E. 
—£ 1 Alicata 37 11 N, 14 07 E. 
= | W. end, C Bocco | 37 $1 N. 21 43 E. 
of 23 oe 3D | 33 10 N, 13 43 E 
51:7: a Leona i \f-ica| Guinea Atl, Ocean 3 30 N. 12 0 W.] 8 15 
Zill⸗bar Road 3fha . Sumatra Iadian Ocean 4 00 8 102 50 E. 
Str. Singapore Atia Malacca Indian Ocean 1 OO = 2 30 E 
R. Sinda, or haus, "os. ONE: a 24 30 N. 110 £ 
„ mou ji eee hep 3 N 62 40 E. 
2. Shabdak Africe] Abyſſinta Red Sea „18 58 N. 38 24 E. 
e, or Seahorſe ? Am. New Wales | Hudſon's Bay] 64 05 N. 82 12 W. 
Shieids | <ngland Germ. Ocean| 55 c2 N. 1 20 W. 
Shelvock's Ile Am anfornia Pacif. Ocean] 23 15 N.] 117 35 W. 
Shillocks Zu. ,treland Welt Ocean 51 30 N. 11 05 = 1 
"I a | | | : 10 
I. Sbetlſadz limits gu. o„cotland Weſt. Ocean * = 1 2 W 3 oo 
Shoreham Eo. england Eng. Channel} 50 55 N. 1 17 10 30 
N. point 1 = | 7 50 N 30 W. 
1. Sky 8. Cine Eu. 445 88 Weſt. Ocean vi 3 N 6 16. 5 30 
Slecpers Illes 55 bo oo NN 1 
5 am. New Britain Hudſon's Bay] J 58 35 N. 5 e 
Ser Sleeper | | 25 © £9 10 N. 82 oO W. 
| 1 


Sine Head 


— —— — — IIs SI EE roo ee ay 


— —— — — 


| 
( 
| 


| | Names of Places. Cont. | Countries, _ Coaſt, | Latitude, | Longitude, H. Water. 5 ' 
| — — — — ö 
a — a | ö * 
sline Head Eu. Ireland | Weſt. Ocean 53 20 N. 1 75 W. 1 1 
R. Slude Am. New Britain; Hudſon's Bay] 53 24 N. 78 50 W. 4 | 
Sluyce Eu. D. Neth, Germ. Ocean 51 19 N. 3 50 E. | | 
p C. Smith Am. Labradore | Hudſon's Bay] 50 48 N.] $o 55 W. | | 
Smyrna Aſia | Natolia Archipelago 38 28 N.] ½ 25 . 4 
I. Socatora Africa Anian Indian Ocean] 12 15 N. 52 55 E. wi 
C. Solomon Eu. l. Candia Medit. Sea 34 37 N. 27 O6 E. 4 
R. Somme Eu. France Eng. Channel! 50 18 N. 1 40 E. ih oom. 
Sound Royal Eu. Ieland North Ocean 66 22 N. 15 15 W. 
Southampton Eu. England Eng. Channel! 50 55 N. 1 OW. o oo 
C. Southampton Am. New Wales | Hudſon's Bay! 51 54 N.] 36 14 W. | 
South Cape { Alia Diemen's la. Pacif. Ocean 3 42 S.] 147 03 E. 
C. Spartivento Eu. Italy Medit. Sea 37 50 N. 16 41 E. | 
C. Spartel | Africa Barbary | Atl. Ocean 35 46 N.| 5. 54 W. 
I. Spirito Santa Am. j|Brafil Atl. Ocean 20 24 8. 39 55 W. | 
þ Spurn Eu. England yGerm, Ocean; 63-35 N. o 30 E. 5 15 l 
I. Stampalia Aſia |Natolia Archipelago 36 25 N. 26 55 E. 
I. Stancho Afia |Natolia _ | Archipelago -} 36 50 N.þ 27 30 E. 
Start point Iku. England Eng. Channei| 50 14 N. 3 39 W. 6 45 
| } | (C. St. John 1 | | 54 45 S.] 60 35 W. = 
24 C. St. Bartho- Am. Patagonia | Atl. Ocean 5 
2 1 1155 08 8. 60 45 W. i 
| Stavenger Eu. Nocway We. Ocean 58 47 N. 6 45 E 
. Stephens |Afia N. Zealand Pacif. Ocean | 40 36 S.j 174 05 Ef 
C. Stephens Am. — Beering's Str./ 63 33 N.] 162 12 W. 
P. Stephens Aſia N Holland | Pacif. Ocean | 32 45 N.] 152 17 E. 
Stetin Eu. Germany Baltic Sea 51 30 N.. 1 
C. Stillo Eu. Italy Medit. Sea 38 23 N. 17 07 E. 
| Port Steven Am. Chili Pacif. Ocean 46 50 8.] 82 36 W. 
Stockholm Eu. {Sweden Baltic Sea 59 22 N. 18 12 E. 
|Stocktog, Eu. {England 4 Germ. Ocean| 54. 33 N.. 1 1g W. 3 f 
Straelſuud Eu. Germany Baltic Sea 54 23 N.] 14 10 E. | 
Strang ford Bay Eu. {Ireland Irith Se3 54 23 N. 5 40 W. 10 30 | 
$1. Stromboli Eu. Italy Medit. Sea 38 42 N.] 15 48 E. : 
{ Stromneſs Eu. JOrkneys North Sea 53 56 N. 3 26W. 
B. Succeſs Am. T. del Fuego: Atl, Ocean 54 50 S.| 65 20W. 
JC. Succeſs Am. T. del Fuego; Atl. Ocean 58 1 8.] 65 22 W. 
Suez Town Africa Egypt Red Sea 29 50 N. 33 27 E. 
Jukagana Afia fl. Borneo Indian Ocean 1 oo 5 110 40 = | 
. Suma- C NW, end . : 15 N. | . 
tow A Afia India OO. Ocean | - - 8 EE 25 E. | 
Sunderland Eu. {England + [Serm. Ocean 54 55 N. 1 oOo W. 3 30 1 
Str. Sunda Aſia Siam Indian Ocean 6 10 8.] 105 35 E. 
Surinam Am. Terra Firma] Atl. Ocean 6 30 N.] $0 | 
I Surat aa India Indian Ocean; 21 10 N.] 72 28 E. j 
I. Surray - Eu. [Lapland {North Ocean | 71 oo N.] 22 oo E. | 
4; Swaken Africa] Abytlinia | Rei Sea 19 30 N. 2 38 E. b 
JSwally Road 1Afia |[dia Arabian Sea 21 56 N.. 92-00 Ee 
Swanſey Eu. [Wales St. Geo. Cha.“ 51 40 N 4 25 W. | 
|\>weetnoſe Eu. Lapland [North Ocean | 68 08 N.] 34 42 E. d 
Sicilly INand { Afia N. Holland Indian Ocean] 43 55 8] 147 13 E. 
e = 2 Eu. England Ent. Thames] 51 37 N. 1 12 E. 12 oo | 
| Syracuſe Eu. I. Sicily Medit. Sea 37 04 N. 15 31 E. | 
Sy riam | [Aſia Pegu B Bengal { 16 oo N.] 96 40 E. 
; F. 1 ; 7 
| Fadouſa: Fort Jam. Canada R. St. Lawr. 1 48 oo N. 67 35 W. 
I. Tamarica Am. |Brafil | Atl. Ocean 7 56 Sj 35 66 
Tamarin Town africa I. Socatora ladian Ocean] 12 30 N.j 53 14 E. 9 oo 
B. Tanaſlarin iAfia Malacca IB. Bengal 12 00 N.] 98 48 E. | 
I. Ta eoxima Aſia Japan Pacir, Ocean 20 30 N.] 130 40 E. . 
Tangier Africa {Barbary | Atl. Ocean 35 55 N. 5 45 W. 
Tanna Aſia N. Bebrides | Pact. Ocean 19 32 S{ 169 45 C. 3 oo 
Tavukaa | Aſia Society Iſles | Pacif, Ocean 14 31 S.] 145 4 W. 
$i Tarento9 Eu. Italy -Medit, Sea 40 43 NI 17 31 E. 
Taſman's Head Aſia * Holland Indian Ocean 43 33 S.] 147 36 E 
i t 3 
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Names of Places. Cont.] Cogntries. Coaſt. 
— —— — 
- 
I Taflacorta Africa I. Palma All. Ocean 
Ic. Tat'nam Am. New Wales | Hudſon's Bay 
R. Tees, mouth Eu, [England Germ, Ocean 
Tegoantepec Am. |Mexico Pacif, Ocean 
| Tellichery Aſia [India lalebar Coaſt 
C. Telling Eu. Ireland Weſt. Ocean 
I. Tenedos Aſia | Natolia Archipelago 
I. Teneriff (Peak) africa Canaries Atl. Ocean 
FC. Tenes Africa] Barbary Medit. Sea 
1. Tercera Eu. [Azores Atl. Ocean 
Terra Nieva Am. N. Main Hudſ. Straits 
| Fervere Eu. D. Neth. Germ. Ocean 
Tetuan Africa] Barbary Medit. Sea 
I. Texel Eu. D. Neth. [Germ. Ocean 
[C. St, Thadzus Aſia Siberia North Ocean 
R. Thames, mouth Eu. England Germ. Orean 
FC. St. Thomas Africa] Caffres Atl. Ocean 
1. St. Thomas Africa] Guinea Atl. Ocean 
St. Thomas Afia | India B. Bengal 
| E St. Thomas Am. Virgin Ifles | Atl. Ocean 
[C. Three Points Am. [Terra Firma] Atl. Ocean 
| ©. Three Points Africa} Guinea Atl. Ocean 
South Thule Am. Sandwich la.|Atl. Ocean | 
1. Tidore Aſia | Moiucca Is. Indian Ocean | 
| IL. Timor -— - Afia | Molucca Is. Indian Ocean 
'Tinmouth Eu. England Germ. Ocean| 
IL. Tino Eu. | Turkey Archipelago | 
1. Tobago Am. [Caribbee Atl. Ocean 
| Tobolſki Afia | Siberia Inland 
B. Todos Sanftos Am. Brafil Atl. Ocean 
| Fonquin [Aſia India Pacif. Ocean 
| Tonſberg Eu. |Norway Sound 
FTopſham Eu. England Eng. Channel 
Torbay Eu. England Eng. Channel| 
Tornea Eu. [Sweden [G. Bothnia 
R. Tortoſa Eu. pain Medit. Sea 
I. Tortola Am. Atl. Ocean Atl. Ocean 
1. Tory Eu. Ireland Weſt. Ocean 
F oulon Eu. France Medit. Sea 
| C- Trefalga Eu. Spain Atl. Ocean 
1. Tremiti Eu. Italy Medit. Sea 
| C. de Tres forcas Africa Barbary Medit. Sea 
1. Trailles Aſia India Indian Ocean 
. Trinity Am. Braſil Atl. Ocean 
1. Frinidada, E. pt, Am. Terra Firma Atl. Ocean 
Trinity Bay, Ent. Am. |Newfoundl. | Atl. Ocean 
I Trieſte Eu. [Carniola Adriat. Sea 
Trinquemali Aſia I. Ceylon Indian Ocean 
| Tripoli Aſia Syria Levant 
Tripoly | Atrica Barbary Medit. Sea 
8. Triſte Am. Terra Firma] Atl. Ocean 
| I. Triſtian d' Acunha [Africa Caffres S. Atl, Ocean | 
If. Tromſound Eu. Lapland North Ocean 
Truxilla Am. Peru Pacif. Ocean 
[Tunder Eu. Denmark Weſt. Ocean 
 TTunis Africa] Barbary Medit. Sea 
Turin Eu. Italy Po. 
1 Turks Am. Bahama Atl. Ocean 
Turtle Iſtand Aſia  IPacif. Ocean 
Tſchukotſkoi Nofs Aſia Kamtſchat. Beering's Str. 
Tyrnaw Eu. Hungary Danube 
| 
Valencia Eu. Spain Medit. Sea 
St. Valery Eu · France Eng. Channel 
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Names of Places. Cont.] Countries. | Coaſt, | Latitude. | Longitude. |H, Water. 
FS. —— | 
: Wc: p : 0 5 „ 
Valona Eu. Turkey Medit Sea 40 55 N.] 21 15 E. 
Valpariſo Am. [Chili Pacif, Ocean] 33 03 8. 72 14 W. 
van Diemen's land |Afia. N. Holland Indian Ocean | 43 33 S.] 146 27 E. 
Vannes Eu. France IB. Biſcay 47 39 N. 2 41 W.] zh. 45m 
C. Vela Am. [Terra Firma] Atl. Ocean 12-16 N 923 26 W 
p. Venus Afia [Otaheite |Pacif. Ocean | 17 29 S.| 149 31 W. 10 38 
Venice Eu. [Italy |Medit. Sea | 45 27 N.] 12 9 E. 
Vera Crus Am. New Spain [G. Mexico 19 12 N.] 97 25 W. 
C. Verd Africaſ Negroland | Atl. Ocean 14 45 N. 17 28 W. 
Ufa Eu. Ruſſia Inland | 54 43 N. 55 59 E. 
Uhma | Eu. | Sweden 1G. Bothnia 63 45 N. 21 10 E. 
vicegapatam Afia India B. Bengal 17 30 N.] 84 02 E. 
| C. Victory | Am. | Patagonia |Pacif. Ocean | 52 15 S. 74 28 W. 
Vienna Eu. Germany IR. Danube 48 13 N.] 16 28 E 
Vigo Eu. |Spain Atl. Ocean 42 14 N. 8 23W. 
Uliateah Eu. | Society Iſles Pacif. Ocean | 16 45 S.} 151 26 W.. 
| B. St. Vincent Am. Paraguay Atl. Ocean 23 53 S.] 31 Wa 
| C. St. Vincent Eu. | Portugal Atl, Ocean 37 01 N. 8 58 W. 
Z I. St. Vincent Africa] C. Verd |Atl. Ocean 17 47 N.] 24 44 W. 
L St. Vincent Am. |Caribbee [Alt. Ocean | 13 og N. 61 og W. 
R. St. Vincent Africal Guinea Eth. Ocean 4 50 N. 7 41 W. 
8 Virgins Am. Patagonia Atl. Ocean 52 23 S. 67 50 W. 
I. Virgins Am. | Antil. Ile JAt!. Ocean 18 18 N.] 64 14 W. 
| Virgin Rocks Am. Newfoundl. | tl. Ocean 46 30 N.] 51 30 W. 
Umba Eu, Ruſſia Inland 66 40 N.] 34 15 E. 
C. Volo Eu, | Turkey Archipelago 39 07 N. 23 23JE. 
iT R. Voltas Africa] Guinea Atl. Ocean 5 52 N. 1 10 E. 
1 C. Voltas | Africa] Caffres Atl. Ocean 28 O04 8 16 18 E. 
Upſal Eu. {Sweden ER. Sala 59 52 N 17 47 E. 
/ Uraniberg Eu. Denmark Baltic Sea 55 54 N. 12 57 E. 
| Il. Uſhant Eu. France Eng. Channel] 48 30 N. 5 OW I 4 30 
| I. Uſtica Eu. Italy Medit. Sea 38 43 N.] 13 33 E.] 
I. Vulcano Eu. Italy [Medit. Sea | 38 29 N.] 15 33 E. 
W. | | | 
C. Prince of Wales Am. — |Beering's Str.. 65 45 N.] 168 12 W. 
Prin. Wales's Ifles Afia |New Guinea] Endeavour St.] 10 26 S |} 141 co El _ 
R. Wager Am. New Wales | Hudſon's Bay] 65 28 N. 87 25W.| 6 oo 
ft Wallis's Ile Aſia a Pacif. Ocean | 13 18 8 176 20 W. 
C. Wallingham [Am. New Britain | Hudſon's Str.] 62 39 N.] 77 48 W. 12 oo 
jj Wardhus Eu. Lapland North Ocean | 70 23 N.| 51 12 E. 
| Warſaw Eu. Poland IR. Viſtula 51 14 N. 21 5 . 
Waterford Eu. Ireland St. Geo. Ch. 52 07 N. 742W.| 6 30 
J' Watling Iſle [Am. | Bahama Atl. Ocean 23 42 N.] 74 22 W. h 
Wells Eu. England Germ. Ocean] 53 07 N. x co E. 6 oo 
Weſtern Iſles Afia Diemen's la. Pacif. Ocean 43 ” 5 147 00 = 
Weſtern { S. point ; 56 40 N. 7 40 
ies 18. polat Eu. | Scotland Weſt. Ocean 58 35 N. 6 37 W 
if. Weſtmania Eu. |Iceling Weſt. Ocean 63 55 N.“ 17 30 W 
if. Weſtrol Eu. Lapland North Ocean | 69 15 N. 24 00 E 
Wexford Fu. Ireland St. Geo. Ch. 53 13 Ne] © $6; 
| Weymouth Ew. England Eng, Channel| 52 40 N. 2 34 W. 7 20 
Whale's Back Eu. Iceland Weſt, Ocean] 63 44 N. 17 05 W. 
Whale's Head Eu. Greenland North Ocean | 77:3 N. 21 30 E. 
Whale Rock Eu. Azores Linn Ocean 38 50 N.] 24 41 W. 
Whitby | Eu. {England [Germ. Ocean] 54 39 N. O 50 W. 3 oo 
Whitehaven Eu. {England IIriſh Sea 54 25 N. 315 W 
Whitſuntide I. Afia N. Hebrides Pacif. Ocean | 16 44 8. 168 25 E. 
Wicklow Eu. Ireland Sr. Geo. Ch. | 52 50 N. 6 32 W. 
Willis's Iſles [Am. |S. Georgia Atl, Ocean 54 00 8. 38 25 W. 
Windav- Eu. Courland Baltic Sea 57 08 N.] 22 20 E. 
2 N. end | * 50 47 — I ax Wt 
0 A Q . I 10 , 
- E has Eu, England Eng. Channel 5 I N. 1 Oo W. © oo 
= LW. end | 5 50 41 N. 1 23 W. 
If. Frince William 4ſial -- ] Pacif, Ocean 16 45 8.] 177 55 E. 
ö | 
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{William Henry I. Afia Society Iſles Pacif. Ocean 19 oo S.] 141 6 E. 
Wincheliea Eu. [England Eng. Channel|] 50 58 N] © 50 E. oh. 45m 
 KWintertoneſs | Eu. England Germ. Oceanf 53 O N. 1 22 E. 9 oo 
| Wiſbuy in I. Gotland Eu. Sweden Baltic Sea 57 40 NI 19 50 E. 
C. Wrath Eu. [Scotland Weſt. Ocean | 58 40 N. 4 50 E. 

| | Wybourg Eu. Finland Te Finland 6a 55 N.. 30 20 E. 

Ivano Afia Afabia Red Sea , 24 25 N. 38 54 E. 5 
Yarmouth Eu. [England Germ. Ocean 52 55 N. 140 E.] 9 45 
Yas de Amber Africa|Zanguebar Indian Ocean 00 1. 8 
Yellow River Afia |China | Pacif, Ocean 5 o6 N.] 120 10 E. 

Ylo | [Am. Peru Pacit. Ocean 397 26 'S. 71 08 W. | 

Cape York Afia N. Holland Endeavour St.“ 10 4x S.] 141 39 E. 

Vork Fort Am. New Wales Hudſon's Bay] 57 o N 92 12 W. 9 10 

York, New Am. N. England | At). Ocean 40 43 N] 74 04 W. 3 o 

Youghall Eu. [Ireland St. Geo. Ch. 51 46 N. 8 o6W.| 4 30 

Zacatula Am. Mexico Se Ocean | 17 10 N| 105 oOo W. 

Zachee [Am. Antilles Atl. Ocean 18 24 N. 67 52 W. 

I. Zant Eu. Italy Adriatic Sea 37 50 N.] 21 30 E. i 

I. Zanzebar Africa. Zanguebar Indian Ocean 6 55 S.] 40 10 E | 

Zaro Eu. {Dalmatia |Medit. Sea 44 15 N. 16 65 E. 

32 . point | EC * 28 8.] 172 44 E. 1 

85 Aſia Pacif. Ocean N F- -- 

Z (8. point | | 47 20 8 167 50 E. | 

Zenan city Aſia Arabia Inland 16 20 N. 47 44 E. 

Turic Sea 11 D. Neth. Germ. Ocean | | 4 00 
— . ————— — —— 


Beſides the times of high-water in the preceding Table, the following 
times ſerve for coaſts of conſiderable n and will ſerve _ for the 


places on thoſe 


coaſts, 


Finmark, or NNW. coaſt of Lapland, 1h. 30 m. Jutland Ifles oh. om, 


Frieſland coaſt 7h. 30m. 
Flanders coaſt oh. om. 


Zealand coaſt 1h. 3om. 
Picardy and Normandy coaſts.10h, 3om. | 


Biſcay, Gallician, and Portugal coaſts 3h. com. 


Iriſh W. coaſt 3h. oom. 
Africa W. coaſt 3h. om. 


America E. coaſt 4 h. 30 m. 


END or BOOK 


. 


Iriſh S. coaſt 5 h. 15 m. 
America W. coaſt 3h. om. 
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